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ABSTRACT

As the human population increases and industrialization expands and diversiﬁes, the

problem of the pollution of the environment becomes more critical. The seas and

oceans, which cover over 70 % of the world's surface and offer one of man’s great
hopes for ﬁrture food supplies, are not exempt from the menace of pollution.

Pollution problems mount as use of the sea for commerce grows with the ever
increasing size and variety of cargo ships and tankers, with the use of the sea-bed for

mineral extraction and the threat of oil pollution to the marine environment from

deliberate or accidental release.

This dissertation is a study of the various aspects of oil pollution in the Bahrain
marine enviromnent focusing on marine transportation. The purpose of this study
falls into three areas. ~

The ﬁrst purpose is to educate the people of Bahrain to understand their environment
and how the various components of it depend on and react with each other. In this

respect the importance of the marine environment on their daily activities and for
future generations is emphasized. Also, the implication of oil pollution with regard to
marine resources, the economy and public health is shown.

This dissertation highlights the main and potential sources of oil pollution in and
around Bahrain with emphasis on marine transportation. In addition, the national oil

spill response capabilities are explored and analyzed. Furthennore, Bahrain legal

system is examined to determine if it is capable of providing adequate and proper

relief to the marine interests of the county. The deﬁciencies in the legal system as
related to marine enviromnent protection are outlined and discussed.

Finally, proposals and recommendations are made to improve the safety of

navigation and protection of the Bahrain marine environment.
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1.1 1ntr.o.d.us;tis2n

The Earth supports not only humanity and all other living species, it also provides the

natural resources from which much of man’s basic needs have been met over the
centuries. With the passage of time, man’s control and dominance over his
environment has undergone profound change. Among the many changes that have

occurred, the most signiﬁcant have been in the area of social re-organization,
technological advancement and aggressive cultural self-awareness. Collectively,
these areas of change have been realized at great expense to the environment. Since

man no longer needs to interact with the environment in the same way that his

forefathers had to, his perception of the nature of the enviromnent has changed

accordingly.

So excessive were the demands being placed on the environment that concerned

persons from all walks of life soon began to appreciate that the ability of the Earth’s
enviromnent to recover itself was being severely threatened. Based on this awareness

of the Earth’s inherent limitations, there is the realization that man’s paramount
responsibility ought to lie in the need to manage intelligently in order to protect and

conserve this precious resource. However, before we can manage or protect our

enviromnent we must ﬁrst understand it.

This chapter will seek to explain the signiﬁcance of pursuing a sustainable
‘environment, the major components of that environment with emphasis on the

marine environment and the interrelations that result naturally between the different
components.

1.2 Ihg_E_a11h

The Earth is probably only one of many billions of planets in the universe on which
the conditions necessary for the development of life were met. The compositions of
the crust, the atmosphere, and the oceans have not only determined the course of

biological

evolution but have themselves been affected by life processes

(Bartholomew 1991).

Life on earth depends on the delicate balance between the environments which have

evolved and to which life has adapted. Thus, if one part of an ecosystem is changed
or disrupted, it affects the others. It follows from this that human action has an effect

on the Earth’s natural environment and that the consequences often go beyond what

we immediately perceive. Human activities affect those enviromnents seriously by

increasingly introducing large quantities of pollutants into the enviromnent. As

human populations grow and industrialization increases and diversiﬁes, the problem

of the pollution of the Earth environment becomes more critical. As our use of
technology and levels of consumption have increased, we have come to realise that

the Earth is a ﬁagile planet.

1.3 Environment
The word environment has a very broad meaning. But for the purpose of this

dissertation a deﬁnition has been obtained from a number of dictionaries to give a

wide understanding of the meaning.

The-term Environment applies to all conditions surrounding an individual, which are

not part of the person, plant or animal itself. The physical environment encompasses
such things as geographical and chemical conditions, the latter including the

composition of the air, the conditions of food and many other factors. There is also 3

social environment in human populations in which one individual inﬂuences another
and each individual is inﬂuenced by the customs and institutions of his society. In

general, enviromnent is the aggregate of surrounding things.

To clarify the picture more for the reader, the four most important systems of the
environment should be identiﬁed. They are the atmosphere, hydrosphere, lithosphere

and the biosphere.

1.3.1 Atmosphere
The atmosphere is a ﬂuid system of gases and suspended particles which
forms a gaseous envelope around the Earth (Steven et al., 1992). The atmosphere,

which is retained on the Earth by gravitational attraction and

a large measure

rotates with it, is a system whose chemical and physical properties and ﬁelds of

motion constitute the subject matter of meteorology. The changing atmospheric
condition which affects the environment, particularly temperature, wind, humidity,

cloudiness, and precipitation, constitute weather; and the combination of these
conditions over a period, determines the climate at any place (Parker 1980). The

atmosphere is a vast chemical soup of molecules interacting with each other and also
is affected by photochemical reactions driven by solar radiation (Steven et, al., 1992).

The gases trapped in the atmosphere make our planet habitable. Oxygen sustains life.

Carbon dioxide, a by-product of that same life, regulates the temperature through the
greenhouse effect. Ozone helps protect life from damaging ultraviolet radiation.

1.3.2 Hydrosphere
Approximately 74% of the Earth’s surface is covered by water, either in

liquid or solid state. These waters, combined with minor contributions ﬁ'om ground

waters, constitute the hydrosphere (Parker 1980). The hydrosphere includes the
oceans, seas, lakes and rivers. The oceans and seas are made up of water, crystalline

rocks and dissolved minerals which have been carried down into them from the land.

The circulation of the waters of the hydrosphere results in the weathering of the land
masses. The large evaporation of water ﬁorn the oceans and from land areas results
.in a precipitation on the ocean and land. The rainwater falling on the continents,
partly taken up by the ground and partly by the streams, acts as an erosive agent. It

may also carry with it pollutants from land before returning to the seas (run-off

pollution).

1.3.3 Lithosphere
The lithosphere is the solid part of the Earth, that comprises the crust and the

upper mantle. The crust constitutes chemical elements from which the minerals and
rocks of the lithosphere are composed. These elements are the basic nutrients from

which plants and other micro organisms produce their food (Afful 1990). Rocks
formed ﬁ'om these elements are broken down by weathering into small particles

which it mix with organic compound coming from death or excreted from living
organisms. This mixture is called the soil. The soil system supports the life of plants,

micro organisms and animals which make up the land-based biomass.

1.3.4 Biosphere
The biosphere is the part of the world in which life can exist including parts of
the lithosphere, hydrosphere, and atmosphere. It consists of all the living organisms

together with their environment. It is not only the transition zone characterized by
life but also by the dead and decaying remains of what was once alive (Afflll 1990).

These remains may accumulate on the land surface, be incorporated into the

uppermost part of the lithosphere, or in aquatic and marine environment “Rain down"

to the bottom to decay or to increase the accumulation of sediment. The biosphere

consists of complex, self-sufﬁcient units or ecosystems within which a certain
equilibrium is maintained through ‘interactions between communities of plants,
animals and other organisms and the chemical and physical elements of their habitat_

The systems which were brieﬂy discussed and explained above are actively
interacting with each other. Not a second passes without some form of energy

transfer occuning between them (Parker 1980). To give an example, a typical sea

consists of a large number of different organisms, both plants and animals, each
represented by a population of individuals. These organisms form a complex marine
community growing and living together making up one environment which is called
the Ecosystem. The interdependence is a very important part in the daily life and in

the continuity of life of the living things in this system. Therefore, a change in one
system or group will have an effect on the other system.

Most ecosystems possess a degree of stability and resilience, that is the capacity to

withstand enviromnental stresses. Pressed beyond certain limits, stresses can no

longer be absorbed and an ecosystem may change to a different conﬁguration which

might not support the organisms surrounding.

It is obvious that to deal with problems relating to the environment, the component of

these enviromnents, as well as how they function, and the interrelationships of all

these components must be studied in greater detail.

1-4
'
The marine environment provides about 300 times more inhabitable space for living
organisms than that provided by land and freshwater combined (Berman, 1995).

The plant growth in the ocean is limited to the near-surface regions because light

does not penetrate very far in seawater (varies with time of day, season, and the
weather), and is further limited by the low concentrations of essential nutrients (e.g.,
nitrate and phosphate) that are present at these depths. Because almost all life in the

sea depends directly or indirectly on plants, the total plant production at the surface

determines the amount of animals that can be produced (Bennan, 1995).

The vertical gradients in environmental parameters (e.g., light, temperature, pressure)

establish depth ranges with distinctive environment characteristics. There are three

ecological zones which have been deﬁned, based on the penetration of light in
seawater. The euphotic zone is that region where light is sufﬁcient for the growth of
plants and it extends from the surface to a maximum of about 150m in the clearest

ocean water. The lower boundary is deﬁned by the compensation depth, where only
enough light is present for photosynthesis to balance plant respiration over 24 hours.

The disphotic zone is dimly lit; there is sufﬁcient light for vision but too little for

plant reproduction. The deepest and largest zone is the aphotic zone, a region of

darkness extending to the seaﬂoor.

Every region has different marine environments characterized by the patterns of
ocean surface current movements and the mixing of these currents. This produces

geographic regions of differing biological productivity. Also the horizontal transport

of water establishes the geographic distribution of many marine species (Berman,
1995).

1.5 ‘mm
The oceans cover over 70 % of the planets surface, and they play a considerable role
in maintaining life and 5uPP°1'tinBthe 5YSt¢mOf this planet. The ocean is crucial for

moderating the planet's climate, and sustaining animals and plants, including minute
oxygen-producing phytoplankton. They also provide protein, energy, transportation,
employment, recreation and many other economic, social and cultural activities.

One of the most important roles the oceans play is providing the ultimate sink for the

by-products of human activities. They act as huge, closed tanks, receiving wastes
ﬁ'om cities, farms and industries via sewage outfalls, dumping from ships, coastal

nm-off, river discharge and even atmospheric transport. The growth of the world's
economy, the ﬂourishing demand for food and energy, and accumulating discharge

of wastes have begun to press against the bountiful limit of the oceans.

Pollution problems mount as populations move to the coasts seeking the amenities

and recreational opportunities of the sea shore, as well as the convenience and

advantages to be found there for certain kinds of industry. The direct release of
noxious and harmful products into the ocean from such activities becomes more

acute every day.

The oceans are marked by a ftmdamental unity from which there is no escape. The

interconnected cycles of energy, climate, marine living resources, and human
activities move through coastal water regional seas, and the closed oceans. Any

pollution or discharge into the ocean or the sea does not stay contained with one

nation area, but passes through the movement of the ocean ( waves, cun'ents....etc.)
from nation to nation, and through complex food chains from species to species,

distributing the burdens of development, if not the beneﬁts, to both rich and poor.

Next chapter will discuss the properties of oil and what happens to the oil when
released into the sea water. It will also explain the condition which might inﬂuence

the oil or the impact of oil on the marine environment. In addition, the sources of oil

pollution in general will be discussed.

2.1 Intr.o.dus'.tinn

Petroleum is formed from the organic remains of dead organisms occurring over

different periods in the Earth's history. The transformation product of fossil ( often

marine) organisms, is a liquid mixture found underground, of many thousands of
organic compounds amongst which hydrocarbons predominate (Gerlach 1981).

These organic compounds have been preserved in fossil form until the present day in

places where the absence of oxygen has prevented their decomposition.

The

composition and quality of petroleum depends upon the source materials, the history
of pressures and temperatures during fonnation, the structure and chemical
composition of source rocks, and the migration to, and the conditions in, reservoirs
(Gerlach 1981).

In general, oil is not a single substance but a complex mixture of a great many
individual chemicals. Crude oil contains thousands of compounds, and reﬁned oils
such as kerosene or gasoline consist of rather simple mixtures . With such a complex

mixture, many of the environmentally signiﬁcant properties such as toxicity,
solubility, and viscosity vary considerably from oil to oil , making the task of

predicting effects on the marine environment very difﬁcult.

Also] when oil is released into the sea it undergoes a number of changes including

physical and chemical. In order to respond effectively to oil spills these changes

must be understood. This chapter will focus on the fate of oil and the changes it

undergoes when entering the sea. Also, the sources of oil pollution in general will be

discussed with particular emphasis on marine transportation.

2.2
nm

Although the particular composition of a crude oil in its natural reservoir may be
stable over geological time spans, its composition changes once it is exposed to
water, oxygen, sunlight, micro-organisms, and other factors. The oil undergoes a

number of physical and chemical changes, some of which lead to its disappearance
from the sea surface, while others cause it to persist. Although spilt oil is eventually

assimilated by the marine environment, the time involved depends upon such factors
as the amount of oil spilled; its initial physical and chemical characteristics; the

prevailing climatic and sea conditions and whether the oil remains at sea or is washed
ashore. The physical and chemical changes which spilled oil undergo are sometimes

collectively known as weathering. Although the individual processes which bring
about these changes act simultaneously, their relative importance during the lifetime
of an oil slick varies. These differences are shown schematically in Figure 2.1.

The lcnowledge of the processes involved, and how they interact to alter the nature

and composition of the oil with time is valuable in preparing and implementing

contingency plans for oil response.

Fig 2.1

Time- course of factors affecting oil spilled on the sea
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2.2.1 Spreading
When liquid oil is spilled in the sea, it immediately starts to spread over the

surface of the water. This spread results due to the gravitational forces pulling on the

oil and forcing it to spread over the water. The rate of the spread and thickness of the

ﬁlm depends on the amount of oil spilled, the temperature of the oil and the
surroundings, nature of the oil and the hydrographical conditions such as currents,
tides and winds. Thus, a light oil spreads faster and to a thinner film than a heavy

waxy oil (high viscosity) (Gerlach 1981). The spreading process may be quite rapid;

one ton of Iranian crude oil has been observed to spread to a slick of 48m diameter
and 0.1 mm thickness within 10 minutes. Also an instantaneous spill of a large

amount of oil spreads more quickly than small amounts of slow discharging spills. If
the quantity is small , an oil ﬁlm fonns that reflects the color spectrum. 100-200

11

liters of oil are sufficient to cover 1 square kilometer of sea surface with a ﬁlm which
is about 0.1 pm thick (Clark 92). The spread of an oil slick on the sea surface is a

rapid and dominant process at the time of the release; it decreases slowly and steadily
until it has essentially stopped within hours or days, it depends on the quantity
spilled.

At a latter stage the oil slick starts to break up to form narrow bands.

Further spreading continues due to the wind, waves, tidal current and other physical
inﬂuences.

The pour point of oil (the minimum temperature at which oil will ﬂow) and the

surrounding water temperature, play important roles in the rate of spreading of an oil
slick. Oil spilled at a temperature below the pour point will spread very slowly,

while oil spilled at a higher temperature than the pour point spreads relatively fast.

2.2.2 Drift (Movement)
The driﬁ or movement of the center of a mass of oil on the surface of the sea
is caused by the combined action of wind, surface currents, waves and-tides. As the

thick portion of the slick driﬁs faster than the thin portion, a heavy oil accumulation
forms the leading edge of an advancing slick (Exxon Corporation 1985). The drift
process is always active from the moment when the oil is released into the sea until

the oil disappears from its surface. Since the oil slick moves with the water currents

and wind this makes it possible to predict its driﬁ. The drift of an oil spill is of

ecological signiﬁcance as it reduces the concentration of toxic oil components
released in one area (GESAMP 1993).

2.2.3 Evaporation
Evaporation is the primary weathering process involved in the natural
removal of oil from the sea and is particularly dominant soon after oil is released. It

involves the transfer of hydrocarbon components from the liquid oil phase to the

vapor phase.

Estimates from major spills as well as experimental data indicate that evaporation

may be responsible for the loss of up to 50 percent of surface oil slick volume during
its life (Exxon Corporation 1985). The volatility of the components of spilled oil is

the main factor in determining the rate of evaporation of the oil. The more volatile
the components, the higher the rate of evaporation. Evaporation of an oil slick is
strongest during the ﬁrst few hours of the spill and is reduced with time (see Fig
2.1). This explains that, oil spills of crude can only catch ﬁre in a certain speciﬁc

period of time when there is enough amount of vapour compounds in the layer of oil
spilled.

The initial spreading rate of the oil increases the surface area of the oil slick, thus

accelerating the rate of evaporation. The evaporation rate of oil at sea is determined
by wind velocity, water, air temperature and sea rouglmess. For example, when it is

cold only a relatively small quantity of oil vaporizes. Wave activity causes faster

vaporization, but at the same time leads to the more rapid formation of water-in-oil
emulsion and oil no longer ﬂoating on the surface carmot vaporize either. It is

important to know that some of the light low-boiling hydrocarbons, such as benzene
or toluene, which are rapidly lost through evaporation, are among the most toxic
components in oil. Thus, their removal through evaporation decreases the toxicity to

marine life of the oil remaining on the sea surface.

The vaporization process could extend over a period of months, possibly years, and
eventually leads to more viscous and in the end, tar-like clumps.

It is important to note that an evaporating oil slick may contribute to air pollution

(atmospheric pollution). This portion of pollution may then ﬁnd its way to the ocean

by rain or other precipitation.

2.2.4 Dispersion
Wave and turbulence at the sea surface act on the slick to produce droplets

with a range of sizes. Some droplets remain in suspension while the larger ones rise
back to the surface. In natural dispersion, small droplets of oil are incorporated into

the water in the form of a dilute oil-in-water suspension. The small droplets remain
suspended in the water and mix with the water colurrm. In doing so they increase

their surface area thus enhancing further other natural processes such as
sedimentation and biodegradation (INTERTANKO 1986). The large droplets may
rise back to the surface and combine with other droplets to form a slick or spread out

in a very thin ﬁlm.

Oil dispersion is inﬂuenced by oil composition (wax and asphaltene contents),

density, viscosity, oil water interfacial tension and water turbulence. Also, the slick
thickness, which is related to the amount spilled and the degree of spreading, is an

important factor in the rate of dispersion since smaller droplets are produced from

thin ﬁlms (INTERTANKO 1986).

Chemical dispersants may be applied to an oil slick to enhance the natural dispersion

process. The primary purpose for removing oil from the surface through dispersion
is to enhance the degradation process. The increase in the surface area of dispersed

oil droplets accelerates the degradation of the oil which may reduce the threat of
ﬂoating oil stranding on the shoreline where it can damage biota and property.

2.2.5 Emulsiﬁcation
Besides oil-in-water emulsion being formed, also water-in-oil emulsions take

place. This is the process in which water is incorporated into the ﬂoating oil. Such

emulsions, which may contain from 20 to 80 per cent water are oﬂen very viscous
brown colored and referred to as “chocolate mousse” (Exxon corporation 1985). For
example, North Sea oil absorbs up to 80% water within 7 hours from being spilt

(Gerlach 1981). The mousse’s formation is highly dependent upon oil composition;

high levels of asphalt-type compounds, as well as waxes, appear to promote the

formation of these emulsions (Exxon Corporation 1985).

The sea state, especially when foam and spray is generated, also accelerates mousse

formation, although a fully developed stable emulsion may be formed with some oils

under relatively quiescent open water conditions.

2.2.6 Sedimentation
Sedimentation involves the association of oil with sediments on the seaﬂoor
or with sedimentary particles suspended in the water column. Some residual fuel
oils, have a density very near to or higher than seawater, and are expected to sink

immediately. However, most oil ﬂoats because it has a lower density than sea water.

The ﬂoating oils can only sink in sea water if sediment particles or organic matter
adhere to them. The association of oil with suspended sediment particles can cover a
range of sediment type, including shells, clay, sill and sand. -This mechanism is

enhanced under shallow, rough sea conditions where bottom sediments are

resuspended.

2.2.7 Biodegradation
Biodegradation is another important process for removing petroleum
hydrocarbon from the marine environment.

Some marine bacteria, yeasts and

moulds can utilize oil as a source of carbon and energy. The efﬁciency of these

bacteria depends on a number of environmental factors, the physical form of the oil

greatly affecting the rate of breakdown of hydrocarbons. Tar balls, slicks and
mousse are less degrading, mainly due to the surface area relationship (Leahy and
Colwell 1990). Also, temperature, oxygen concentration, nutrient, salinity, pressure,

water activity of sediments all affect the rate of biodegradation (Leahy and Colwell

1990)
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Low temperature environments often, but not always, have slow microbial responses

to the exposure to petroleum, but such limited rates of biodegradation of
hydrocarbons are due as much or more to the availability of nutrients (GESAMP
1993).

2.2.8 Oxidation
The exposure of oil to air and sunlight in a slick with a large surface area

leads to photochemical oxidation (photooxidation). The extent and rate of oxidation
depends on the form in which the oil is present in water. A thin layer or small

-droplets of oil will be oxidized much more readily than thick layers or large droplets

or emulsion (INTERTANKO 1985). The process is dependent of the intensity of
sunlight, temperature, and the chemical composition and the physical state of the oil
on the water surface. The oxidation process leads to some hydrocarbon molecules
being oxidized to form persistent tars. Hence, oxidation may aid in the weathering

process of spilt oil in one way and worsen the condition by forming the persistent tar,
which could have long-lasting effects on some marine organisms. Overall, the net

effect of oxidation in the weathering process may be minor.

2-3 Marinsztnﬂntinn
A popular conception of pollution is ‘the wrong amount of the wrong thing in the
wrong place at the wrong time’. Fundamentally this definition is correct, but it is not
a helpﬁil one when attempts are made to control pollution because it is too vague for

legislative purposes.

The most widely accepted deﬁnition of marine pollution is the one devised by the

United Nations Joint Group of Experts on the Scientiﬁc Aspects of Marine Pollution
(GESAMP). This states that marine pollution is the:
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Introduction by man, directly or indirectly, of substances or energy into
the marine environment (including estuaries) resulting in such deleterious
effects as harm to living resources, hazards to human health, hindrance to

marine activities including fishing, impairment of quality for use of sea
water and reduction of amenities.

This deﬁnition is now widely incorporated into both national and international
marine pollution control legislation. Implicit in this definition is the concept that

there is a distinction between contamination, in which concentrations of a substance
are elevated above natural levels without measurable effect, and pollution, in which
concentration is elevated to the point that harmful effects may be observed. This

distinction is useful because it provides a criterion by which the seriousness of a
problem may be reasonably assessed and by which a legal control may be
implemented. However, neither action, pollution nor contamination, is desirable, but
there are major differences in scale in the oceans ability to withstand the two

actions.

The ability of the oceans to absorb waste without harm is largely depend on such

factors as the toxicity of the waste to marine organisms, the quantity discharged, and

the nature of the receiving enviromnent.

In practical tenns the procedures for

detennining which, if any, wastes and quantities may be discharged to the oceans are
determined by international conventions, such as MARPOL. Some countries have
taken a wider view that no oily wastes at all should be discharged into their marine

enviromnent. Other countries, however, have no regulations nor monitoring scheme

for protecting their marine environment.

In examining marine pollution, value judgments of marine pollution or any other
pollution, the following factors, according to Clark (1992), should be considered ;
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0

What kind of materials are discharged into the seas or estuaries or

otherwise get there as a result of human activities?
0

What effect do these additions to the sea have on the marine or

estuarine environment and the plants and animals living there?
0

What implications do these effects have for human health, food

resources, commercial interests, amenities, wildlife conservation, or

ecosystems in general?
0

What is being done, can be done, or should be done to reduce or

remove the damaging or undesirable effects of these additions to the

marine environment?
0

What would be the consequences of not releasing these materials to the

sea and would such consequences be better or worse than the existing

situation?

2-4
mm
Too much oil at any one time or in any one place can be detrimental to marine life
and can be aesthetically unpleasant. It is, therefore, in order to control or prevent oil

pollution, very important to know where this oil comes from and how it enters the

marine environment. Fig 2.2 shows the percentage of oil input into the sea from

different sources.

Peuoleum hydrocarbons (oil) enter the marine environment from a variety of
sources, both through natural phenomena and human activities. The inventory in

table 2.1, shows the various sources and quantity of peuoleum hydrocarbon inputs
into the marine environment, it was issued by the United States National Academy of
Science in 1975 and 1985.

Fig 2.2
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Table 2.]
Estimated input of petroleum Hydrocarbons
into the Marine Environment
Best Estimate

S0|||'¢¢

(million tons annually)
1989"

1981

1973

0.158
0.004
0.030
0.252
0.1 14
0.007
(0.566)

0.7
0.03
0.02
0.3
0.4
0.02
(1.47)

1.08
0.25
0.003
0.5
0.4
0.1
(2.133)

Municipal wastes
Reﬁneries
Non-reﬁning industrial wastes
Urban rtmoff
River mn-off
Ocean dumping
(Total)

0.7
0. l
0.2
0.12
0.04
0.02
(1.18)

0.3
0.2
0.3
0.3
0.6

Atmgsnhgm

0.3

0.6

Marine seeps
Sediment erosion
(Total)

0.2
0-05
(0-25)

(0-6)

Offshore production

0-05

0-03

Total

3.2

6.1 13

Iizansmmtian
Tanker operation
Dry-docking
Marine terminals
Bilge and fuel oils
Tanker accidents
Non-tanker accidents
(Total)
I I

I .

I

I .

I

I . I

uLas1rs_and_r.unntf

nanmalsnnnm

Source: National Research Council Marine Board. USAcademy of Science, Washington.
‘Adaptedfrom IMO News No. 4/1990
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Each year the world oil trade accounts for a greater portion of the world sea-bome

trade, about 60% of the world's crude oil being carried by sea (INTERTANKO
1995). Tankers which carry oil cargoes often cause oil spills along their routes, in

ports and at oil terminals. These activities could result in very serious environmental

problems.

It can been seen from table 2.1 that about 3.2 million tons of petroleum hydrocarbon
was released into the marine environment in 1981. Out of the total released, marine

transportation contributed with about 1.4 million tons. This amount have
dramatically reduced to 0.566 million tons, as estimated by IMO in 1989.

Discharges from marine transportation can be divided into several categories namely
tanker operations, dry-docking, marine terminals, bilge and fuel oils, tanker accidents

and non-tanker accidents.

2.4.1.1 Tanker Operations
A large quantity of oil enters the sea as the result of normal tanker operations.
It has been estimated that oil pollution, which originated from operational discharges

of tankers and non-tankers, is quite signiﬁcant comparing to other operation
discharge.

When a new tanker is ﬁlled, a percentage of the oil sticks to tank walls. Aﬁer the oil

is discharged, the tanks have to be carefully cleaned and some of the compartments
ﬁlled with seawater for ballast purposes. The cleaning water, with oil residue, is

often pumped into the sea during the return voyage and ballast water is pumped out
shortly before docking at an oil terminal. This naturally leads to a considerable

amount of oil getting into the sea ﬁom tank washing and ballast water. The water
which is pumped overboard "to make way for a fresh cargo oil is always
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contaminated. Of the total 1.47 million metric tons that enter the sea each year as

result of transportation losses, 0.7 million tons can be traced back to cargo residues

remaining on board aﬁer discharge and is referred to as “clingage". The amount of
clingage depends on the wax content and viscosity, i.e. about 800 tons oil clingage
on a 200,000 dwt crude carrier (Clark-1992).

The development of the new technique “load-on-top" and Crude Oil Wash (COW)
has reduced oil pumped into the sea and greatly contributes to the ﬁght against

marine pollution.

2.4.1.2 Bilge and Fuel Oil Residues
Bilge water from ships always contains oil from the ships engines. A steam

tanker generates approximately 5 gallons of bilge oil while a motor tanker generates
about 15 gallons per day (Yi 1988). Non-tanker ships generate around 3 gallons per

day. Individually the quantity of oil generated may be small, but viewed collectively,
the total amount entering the sea is considerable. Most ships retain the bilge water
in slop tanks to discharge it ashore while others discharge it directly into the sea.

How much of this bilge oil may be discharged into the sea depends on whether or

not the ships are equipped with oily-water separators or the availability of reception
facilities.

The global consumption of marine bunker fuel was estimated at about 140-145
million tons for 1992, which represents a total cost of about 15 billion USD (MA

1995). Of this, about 40% was used to drive tankers, while 60% was used for non

tanker ships. The marine fuel has to be puriﬁed before use. This process results in a

large quantity of sludge which can be disposed to sludge tanks for pumping ashore.
In the case of many ships, especially non-tankers, the sludge tank is not sufﬁcient to
hold the whole remaining sludge, consequently disposing it into the sea.
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2.4.1.3 Accidental Discharge
As with other shipping, a large number of accidents involving oil tankers
happen every year. Oil tankers can fall victim to the whole range of normal marine
perils. Collisions, groundings, explosion, ﬁres and structural failures are brought

about by such factors as poor design, bad weather, breakdowns, human error or

inadequate training.

Tanker accidents are the best lmown cause of oil pollution. Although this may
contribute to a comparatively small percentage of total oil entering the sea in a year,

the consequences of an accident can be disastrous to the immediate area, particularly
if the ship involved is large and the accident occurs close to the coast.

Because shipping hazards are greatest close to shore and in narrow straits, such as the

straits of Hormuz, or near the entrances to ports where the density of shipping is
high, most tanker accidents occur close to shore and if oil is spilled, coastal pollution
almost invariably results. However, in certain instances like the Iranian tanker Kharg
5, which spilled 70,000 tons in 1989 after an explosion on board, the result was

pollution of the coast of Morocco which was far away from the point of occurrence.

Non-tanker ships are also considered as a source of pollution when involved in
accidents as the fuel may be released into the sea. Some cargo ships, especially bulk

carriers, are very large and can carry a large amount of fuel oil. If accident occur, it

could result in quite large oil spill.

2.4.1.4 Dry-Docking
All ships, including oil ta.l'l.kFl'S,
are required to enter dry-dock for servicing,

repairs, hull cleaning, tanks cleaning, etc. It is necessary for oil tankers entering a
dry-dock to empty and clean any cargo compartments or fuel tanks ﬁ'om oil or oil

residues. These residues of the oily mixture are normally pumped into the dry-dock
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reception facility for treatment. However, many dry-docks still do not have reception
facilities and in these cases there is no alternative for ships except to discharge the
oily mixture into the sea.

As can be seen ﬁ'om the earlier table, since 1981 there has bean a sharp decrease of

oil input due to dry-docking.

This can be attributed to the enforcement of the

MARPOL 73/78 convention, the availability of shore reception facilities and the
more efficient use of the crude oil wash (COW) system. In spite of this there is still a

large number of ships, including oil tankers, discharging their residues at sea to a

void the high cost of reception facilities.

2.4.1.5 Marine Terminals
The most common incidents occur during terminal operations when oil is
being loaded or discharged and bunkered. Perhaps as many as 92% of all oil spills

are of this type according to ﬁgures published by the International Tanker Owners
Pollution Federation (IMO 1995). Most of these incidents occur due to human error,

such as the overﬁlling of tanks and the disconnection of hoses without adequate
drainage. There are other causes of spills such as broken lines, hoses, submarine
pipelines or storage tank ruptures. Discharges under this category also include spills

occuning during bunkering operations (ﬁlling the ship's fuel compartments) either at
the terminal or from a bunkering barge.

It should be noted that most of these spills relating to marine terminals are relatively
small, contributing in total to about 30,000 ton/year ( IMO News No 4/ 1990).

2.4.2 Offshore Oil Production
Once oil is known to exist in commercially viable quantities it is exploited by

sinking one or more production wells from a platform over the reservoir.
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when PT°d“°ti°n begins» °" i3 Pumped t0 the production platform for processing
where gases and water are separated from the oil. In a typical ﬁeld the quantity of

production water will initially be less than 1% of the crude but will increase to some
30% as the reservoir becomes depleted (Department of the Em,-iromncmCentral Unit

on Enviromnental Pollution 1985). Normally, most of the water will be sqaamed
from the oil on the platforms rather than ashore. The separated water contains a

percentage of oil. Once this contaminated water is discharged into the sea it causes
what is called operational oil pollution. Oil may enter the sea from an accidental

discharge such as a blow-out, failure of production platform equipment, structural
failure of a platform or rig, damage to sub-sea well-head or manifold, leaks from a

storage unit, damage to pipelines, and collision.

2.4.3 Natural seeps
Oil deposits close to the Earth’s surface seep out into the ocean through

crevices in the crust of the seabed or through the erosion of submerged surface rock.

Natural seeps have been discharging petroleum hydrocarbons into the marine
environment all over the world for a millennia, in amounts substantially greater,

about four times, than those resulting from offshore production (see table 2.1).

2.4.4 Atmosphere
When oil burns (like, in motor vehicles) it releases gases, which contain
hydrocarbon gas. Also, when oil is exposed to air it will volatilize into vapour. This

hydrocarbon gas or the oil vapour, directly or indirectly ﬁnds it way into the sea.

This happens by combining with the atmosphere water vapour, rain, or snow and
falls down to the sea, or is washed ﬁ'orn the land.
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2.4.5 Municipal and Industrial Waste and Runoff
A substantial source of petroleum hydrocarbons entering the sea come from
the land. It is estimated that 1.18 million tons may have reached the marine

environment through municipal industrial waste and runoff (NRC 1985).

Domestic wastes and sewage contain a large quantity of oil and greases which follow
the sewage or drainage system to the sea. It was estimated by NRC in 1981, that

annually about 0.7 million tons of petroleum hydrocarbons enter the sea as a result of
municipal waste.

Some industrial waste contains a considerable amount of petroleum hydrocarbons
which

ﬁnd their way into the sea through different channels. Also, all oil and

petroleum residues seen in the road and around car service stations and garages are

washed by rain down drains and into water courses that eventually reach the sea.

3.1 Intr.o.dns.tiszn

Oil spills can have a serious economic impact on coastal activities and on those who

exploit the resources of the sea. Damages to the marine environment is caused

primarily by the chemical and physical properties (discussed in chapter II) of the oil
creating a nuisance and hazardous conditions. The environmental impacts of an oil
spill may differ due to factors that affect the distribution and ‘composition of the

petroleum

hydrocarbons,

especially

their weathering

and persistence and

consequently, their bioavailability. In open bodies of water, currents and diffusion
can decrease concentrations of contaminants rapidly. At shorelines, however, this is
more difﬁcult, especially in low-energy environments, e.g. some sandy beaches,

estuaries, marshes and protected coves.

The impact on marine life mainly depends on the persistence, toxicity and tainﬂng

effects resulting ﬁom the chemical composition of oil. It also depends on the

diversity and variabilityof biological systems and their sensitivity to oil pollution.

This chapter will describe the aﬁects of oil spills on the marine environment and
other related industries. It will focus mainly on the affects on ﬁsheries, tourism and

recreation, industry, human health and amenities.
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3.2
m
The impact of oil spills on beaches is the form of pollution most readily understood
by the public and the media. Most of the oil can be removed by natural processes and

modern cleaning techniques, but some oil residues, if buried, can persist for long

periods of time and affect the coastal activities for years.

Light reﬁned products with a high proportion of volatile and ﬂammable components
may constitute a ﬁre and explosion hazard, but because these oils evaporate quickly
-their effects will be localized, even in the case of a large spill. On the other hand,

weathered crude oils, heavy residual fuel oils and water-in-oil emulsions (mousse)

may cause the widespread physical contamination of shorelines and structures due to

their viscous nature andlhigh persistence. Coastal activities affected by oil pollution
include the tourism industry, recreational activities and coastal industries.

3.2.1 Impact on Tourism and Recreational Activities 
The fouling of beaches, coastlines and tourist facilities has a profound effect
on tourism in those areas affected, or even believed to be affected, by oil spills. The

impact might last for years after the original clean-up because oil which might have
inﬁltrated beaches can be brought to the surface by later storm action or other effects.

Contamination of coastal amenity areas is a common feature of many oil spills
leading to public disquiet and interference with recreational activities such as

bathing, boating and diving. Hotel and restaurant owners, and others who gain their

livelihood from the tourist trade, can also be affected. Because of the visual impact of
persistent oils and their residues on beaches, cause the most nuisance and concern to
tourists. Thus, reduction on tourism will effects hotels and restaurants income, with

the greatest effect likely when oil pollution occur just before or during the main
tourist season.
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Coastal areas and inshore waters throughout the world are often important tourist

centers, or have the potential to be. Some of these areas have been declared as land or
marine nature reserves or national parks. Any damage to these areas above of below

the water line, or any impact of the ﬂora and fauna by oil pollution, will reduce their

tourist value as well as their biological value.

The disturbance to coastal areas and to recreational pursuits from a single oil spill

may be comparatively short-lived (depending to the oil property and feature of the
coast) and any effect on tourism is largely a question of restoring public conﬁdence
once the clean-up is completed. However, the rapid restoration of a contaminated
area may call for the use of highly effective clean-up techniques but these may also
be the most harmful to local marine life. Certain techniques can also damage natural

sea defenses: excessive use of heavy equipment may damage sand dunes and change

the natural proﬁle of the beach. This could lead to other problems which might result
in far more negative effect in the coastal habitat then the oil itself (Sampson 1996).

3.2.2 Industry
Industries that rely on seawater for their normal operations can be adversely
affected by oil spills. Power stations, in particular, are often located close to the coast

in order to have access to the very large quantities of water required for cooling

purposes. If substantial quantities of ﬂoating or sub-surface oil are drawn through

intakes, contamination of the system may result in the reduction of the output or total
shutdown whilst cleaning is carried out. This disruption of operations will cause

water supply problems for consumers. Such was the case with the closure of the

Saudi desalination plants during the Gulf war. Also, the shut down of the Algiers
power station aﬁer a bitumen spill in the harbour (ACOPS 1990).
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Shipyards with slipways and dry-docks for construction and repair work may be
affected by oil spills causing damage to unpainted or newly painted surfaces and

creating hazardous working conditions. Interference with shipping may result from
oil spills and clean-up operations, particularly when they take place in harbours and

port approaches. The deployment of booms in the ports area or closure of lock gates
to contain oil may cause delays and disorder in port operations. With oil spills in the

port areas the direct contamination of jetties, mooring lines, ships water intake is a
very common occurrence. Other routine harbour activities such as ferry services, lock

operations and towage can be disrupted, particularly aﬁer a spill of light crude oil,

gasoline or other ﬂammable material. Welding and the use of spark-generating

3.3

machinery may have to be suspended as long as a fire hazard persists. In this way

even small spills in a busy port can have considerable consequences.

The chemical complexity of petroleum has undoubtedly complicated the evaluation
of its biological effects. However, the effects of oil on marine life can be considered

as being caused by either its physical nature (physical contamination and smothering)
or by the chemical components of the oil (toxic effects and accumulation leading to
tainting). Marine life _may also be affected directly by clean-up operations or

indirectly through physical damage to the habitats in which they live.

3.3.1 Physical Contamination and Smothering
The main threat to living resources by an oil slick or the persistent residues of

spilled oils is one of physical smothering effects. In cases of severe contamination,
oil may act physically to blanket organisms, causing death by preventing vital
processes such as respiration, or in less severe cases hindering other processes such
as movement and feeding, or obstructing the sun light and air which is essential for
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their natural process. Therefore, widespread damage may follow even a small spill of
persistent oil. Organisms may be exposed to oil in the form of ﬁne droplets, as

components adsorbed onto particulate material, or as soluble fractions in the water

At high concentrations, these could cause narcotization or death while at lower levels

they could interfere with necessary normal behavioral processes that ultimately affect

the survival or reproduction of the organisms (GESAMP 1993).

As damage is caused by physical contact, the animals and plants at most risk are

those that could come into contact with a contaminated sea surface. Within this
category are marine marmnals and reptiles; birds that feed by diving or form ﬂocks
on the sea; marine life on shorelines and in the Intertidal zone; and animals and

plants in aquaculture facilities and storage pens in tidal areas.

3.3.2 Toxicity
The toxicity of any substance is expressed as the time and concentration
required to cause a certain level of effect. Crude oils and reﬁned oil products in

sufﬁcient concentration are poisonous or toxic to marine organisms (NRC 1985).

Studies conducted on a wide variety of adult marine organisms show that lethal
effects from the soluble fraction of petroleum products occur in the range of 1 to 10

mg/L. For the more sensitive larval and juvenile stages, lethal effects occur at only
0.1 to 1 mg/L.(Bishop 1983).

The most toxic components in oil, although having the highest solubility in water,
tend to be those lost rapidly through evaporation when oil is spilt. Because of this,

lethal concentrations of toxic components leading to large scale mortality of marine
life are relatively rare, localized and short-lived, and only likely to be associated with

spills of light reﬁned products or ﬂesh crude. At particular risk are animals and
plants living in areas of poor water exchange or fresh oil in stable sediments, causing

31

high concentrations of the toxic components to persist for a longer period than
normal.

3.3.3 Accumulation and Tainting
Most marine organisms naturally accumulate in their bodies substances that
occur at a very low concentration in the surroundings (INTERTANKO 1985). This

vital mechanism for both plants and animals can lead to the incorporation of oil
components in the organism tissue. Sedentary animals in shallow waters such as

oysters, mussels and clams that routinely ﬁlter large volumes of seawater to extract

food are especially susceptible.

Oil contamination may do little or no harm to the animals or plants concerned or to

their immediate predators, either in the short or long term. However, if they are

consumed by man, the presence of oil components may render them distasteﬁil due
to the presence of an oily taste or smell. This may be a temporary problem since the
components causing the taint are lost when normal conditions are restored or when

the animals or plants are maintained in clean water.
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The effects of exposing an organism to oil depend on the characteristics of the
organism and its habitat as well as on the quantity and state of the oil. The following

summarizes the impact that oil spills can have on different marine habitats.

3.4.1 Open Waters and the Sea Bed
The surface waters of the open sea contain the planktonic plants and animals
which form the basis for most of the marine food chain, as well as the eggs or larvae

of important commercial species of ﬁsh. These are particularly sensitive to the
damaging effects of oil slicks.‘Plankton, and especially those living in the top few
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centimeters of the sea, might be supposed to be particularly at risk because they are

exposed to the highest concentration of water-soluble constituents leaching from
ﬂoating oil. Oil is toxic to a wide range of plankton organisms, especially the
aromatic compounds such as benzene and naphthalene (NRC 1985).

Large swimming animals such as squid, fish, turtles, whales and dolphins are highly

mobile and rarely affected in offshore waters even in major oil spills as they have the
ability to avoid the contaminated area (Bishop 1983). In coastal areas some marine

mammals, such as seals, and reptiles such as turtles, may be particularly vulnerable
to adverse effects ﬁ'om oil contamination because of their need to surface to breathe

and to leave the water to breed. Adult ﬁsh living in nearshore waters and juveniles in

shallow water nursery grounds may be at greater risk to exposure from dispersed or
dissolved oil.

Bottom-living organisms play a large part in the food chain of the sea. Oil carried to

the sea bed could affect the eggs of bottom-spawning fish, such as herring. Also,
plants and animals living on the sea bed (shellfish) and some seaweeds could be

affected by sinking oil. The risk of surface oil slicks affecting the sea bed in offshore
waters is minimal, but in shallow waters oil droplets may reach the bottom,

particularly during periods of rough weather. Fresh crude oils and light reﬁned
products with a high proportion of toxic components can cause local damage to
seagrass beds and to various animals such as clams, sea urchins and womis (NRC

1985). The incorporation of oil into sediments can lead to residence times of several

years in localized areas with the possibility of sub-lethal effects and tainting of
commercial species.

It is unlikely that any clean-up technique such as dispersant, will damage life in the

open sea. However, restrictions on the use of dispersants may be necessary near
spawning grounds or in some sheltered, nearshore waters where the diluﬁon capacity
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is poor. Because the deliberate sinking of ﬂoating oil in poorly exchange water may
result in smothering of the bottom organisms.

3.4.2 Shorelines
Shorelines, more than any other part of the marine environment, are exposed
to the effects of ﬂoating oil. The impact may be particularly great where large areas

of rocks, sand and mud are uncovered at low tide. On rocky high energy coasts oil

may be plastered on rocks, usually in the upper tidal zone, but much will be removed
by surf action. In the splash zone it will be more gradually reduced in quantity by
aerial weathering (INTERTANKO 1985). On sandy or pebble beaches, although

exposed to surf action, the process of natural cleansing is normally slower because
oil ends to become buried in the sediments where it may persist for a long time
(Bishop 1983).

Intertidal animals and plants are at high risk due to the oil coming ashore during

spills becoming highly concentrated along the shoreline (INTERTANKO 1985). In

addition, the shallow depth of the water results in a high concentration throughout the
water column down to the sediments. As mentioned in the previous section, Intertidal

organisms may be killed by toxic oil components or smothered by viscous and
weathered oils and emulsions. Animals may also become narcotised by the oil such
that they become detached from rock surfaces or emerge ﬁ'om burrows. They are

then susceptible to predators or to being washed into an area where they cannot

smvive (Exxon corporation 1985).

The amenity of beaches and rocky shores may require the use of rapid and effective
clean-up techniques. However, such techniques may not be compatible with the
survival of plants and animals and may ultimately do more harm than good. On tidal

ﬂats the use of heavy equipment and other techniques such as high pressure hosing or
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dispersants should be avoided since they disturb the sediment and drive oil into the
substrate causing long-terrn damage (Sampson 1996). On shoreline such as rocky
Sh0f¢8. the 1150Of diSP¢fS3I1tS.high pressure hosing, hot water blasting may result in

ecological damage greater than that caused by the oil.

3.4.3 Wetlands
Salt marshes often occur in sheltered waters in temperate and cold regions.

The organic input from the marsh provides the basic source of food for a rich and
diverse fauna of worms, snails, clams and crabs. Thus, it is an important feeding and

roosting ground for birds. It is also an area for ﬁsh spawning and nursery.

After a spill, oil may cling to plants and very little will be removed by tide or wave

action and it is extremely difficult to clean up the oil. Oiling of the lower portion of
plants and their root systems can be lethal whereas even a severe coating on leaves

may be of little consequence, especially if it is outside the growing season (NRC
1985). More widespread damage can be expected from repeated contamination or if
oil penetrates into sediments where it may persist for several years. Similarly, if oil

reaches the inner portion of marshes during a period of extreme high tides the
residence time may be prolonged affecting the plants as well as birds that feed and
roost there(N'RC 1985).

In tropical regions, mangrove forests are widely distributed and replace salt marshes

on sheltered coasts and in estuaries. Mangrove trees have complex breathing roots

above the surface of the organically rich and oxygen-depleted mud in which they

live. Oil may block the openings of the air breathing roots of mangroves or interfere
with the tree salt balance causing leaves to drop and the trees to die.
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Protection of wetlands, by responding to an oil spill at sea, should be a high priority
since physical removal of oil from a marsh or from within a mangrove forest is

extremely difficult and carries a risk of damaging the root systems of the plants
which perform a vital role in stabilizing the mud substrate.

3.4.4 Coral Reefs
Corals reef are found off most tropical coastlines and islands in shallow warm

water of suitable salinity and clarity.

Coral reefs are generally submerged and only when they are briefly exposed to air at

low tide they are vulnerable to a physical coating by ﬂoating oil. Because of the
turbulence and wave action the corals may be exposed to naturally dispersed oil

droplets. The effects of oil on corals and their associated fauna are largely determined

by the proportion of toxic components, the duration of oil exposure as well as the
degree of other stresses. Oil could have several sub-lethal effects. These include,

interference with reproductive processes, abnormal behaviour and reduced or
suspended growth. Most of the effects are temporary but similar effects on the

associated reef fauna can have greater repercussions since narcotised animals may be

swept away from the protection of the reef by waves and currents.

The waters over most reefs are shallow and turbulent, and few clean-up techniques

can be used. The possible beneﬁts of mechanical recovery techniques are outweighed
by the practical difﬁculties and potential physical damage caused by vessels and
anchors. When current directions are favorable dispersants may serve to protect coral
reefs from wind driven oil. However, a cautious approach should be followed,

especially close to the reef.
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3.4.5 Impact on Birds
Whatever other effects oil pollution may have, the loss of sea birds attracts

the greatest public concern. Birds are oﬁen the most conspicuous victims of an oil
spill, with many thousands of casualties frequently occurring after spills. Birds which
gather in large numbers on the sea or shorelines to breed, feed or molt are particularly
vulnerable to oil pollution. They include auks, penguins and ducks, but other more
solitary species such as pelicans, connorants and garmets, which dive to feed, can

also be affected. Although oil ingested by birds during preening may be lethal, the

most common cause of death is from drowning, starvation and loss of body heat
following damage to the plumage by oil; feathers and down matted with oil lose their

waterprooﬁng and insulating properties. There are many examples of oil spills
having caused large bird inortalities at sea leading to concern for the survival of

populations. Many seabirds have long lives, delayed maturity and low rates of

reproduction and these factors taken together have been thought to hinder rapid
recovery (NRC 1985).

The cleaning and rehabilitation of oiled birds is a slow process requiring trained
personnel. Unforttmately, previous experience shows that attempts to save birds by

cleaning them have generally been unsuccessful (Bishop 1983).

3.5Impact
91QilonEisheties
a
Floaﬁng and sunken oil can have an impact on ﬁshing and aquaculture activities in a

variety of ways. Apart from contaminating the gear and making it awkward to
handle, the catch may also be contaminated and rendered unsuitable as food. Floating

equipment and ﬁxed traps extending above the sea surface are more likely to become

contaminated by ﬂoating oil whereas submerged nets, pots, lines and bottom trawls
are usually well protected, provided they are not lifted through an oily sea surface.

However, they may sometimes be affected by sunken oil, Table 3_1 shows the

sensitivity of ﬁshing gear and aquaculture to damage by stranded or drifting oil.
Free-swimming ﬁsh can detect oil and might be in a position to avoid it
(INTERTANKO 1985). Therefore, ﬁsh killed due to oil pollution occurs but the

quantity involved can be considered insignificant. Shellﬁsh and fish reared in cages

are unable to avoid compact with spilled oil and are at a high risk of being

contaminated or tainted by soluble or dispersed oil ﬁactions.

Farmed marine ﬁsh have a high unit value, and stocking densities in cages can be

high, so the commercial consequences of even a small spill in areas with high

densities could be substantial. Land-based coastal aquaculture systems, including

hatcheries and rearing units, usually require continuous supplies of clean seawater for
their operations, as do cleansing stations for shellﬁsh and holding tanks. The plant
and facilities at such sites could be fouled and damaged by ﬂoating oil and the ﬁsh

produced could be tainted.

Areas exposed to chronic oil impacts such as the waters surrounding oil production

platfonns, have usually seen little or no reduction in the numbers of ﬁsh in the area.

However, tainting of ﬁsh can occur if a very low level of certain oil components are
ingested by the ﬁsh.

The public’s fear of oil pollution can have other adverse effects on the economy of
the ﬁshery industries. Marine products may be tainted or poisonous, and hence
unsaleable, or quality impaired and prices depressed. To regain lost quality,

processing and treatment costs may be added, and the price to the consumer is
correspondingly increased. Public knowledge that some ﬁsh and marine products are

affected by pollution can lead to buyer's reaction against all similar products and
therefore loss of the market conﬁdence.
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Fig 3.1

Sensitivity of ﬁshing gear and aquaculture to damage by stranded or drifting oil
A. Fishing gear

Type of gear

Sensitivity

Brush traps, staked traps, baskets, fences

High

Liﬁ nets, cast nets

Mode,-ate

Gill nets, drift nets, tangle nets, trarnmel nets, push nets

Moderate

Purse seines, ring nets, beach seines

Moderate] low

Handlines, longlines, drift lines

Low

Trawls, dredges, sweep nets

Low

B. Aquaculture

Cultivation method
Intertidal zone

Species
molluscs

Ropework suspended at sea

sea laver, sea mustard

Sensitivity
High
High

surface by ﬂoats or poles
Onshore tanks

ﬁsh, crustacea, molluscs, seaweed

Moderate

sea impoundments and ponds

prawns, ﬁsh

Mod./low

Vertical ropes /cages

kelp, mussel, scallops, oyster,

Mod./low

supported below sea by ﬂoats

sea squirt, yellowtail, sea bream,

Seabed

Seabed enclosures

sea cucumber, abalone, arkshell

Low

crab, lobster

Low

(Source: modiﬁed from Moller et al. 1989)
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The use of dispersants very close to aquaculture facilities is ill-advised since tainting

by the chemical or by the dispersed oil droplets may result. The deliberate sinking of

ﬂoating oil should not be attempted in the vicinity of shellﬁsh beds, ﬁshing grounds
and bottom spawning areas, bearing in mind that sunken oil may be moved by
currents towards these sensitive area.

3.6 Em:s:ts.9n.Human.H:alth
The greatest immediate hazard to human health of oil spills is from explosion and
fire at the spill site. Other hazards are present at various distances and times ﬁ'om the

spill sites (especially during the clean-up operation), and may be serious, but they are

not of the magnitude of the ﬁre/explosion risks.

The effects of oil on humans are three-fold: acute effects of contact with oil or its

constituents; the carcinogenic potential of oil-derived hydrocarbons in humans; and ,
linked to the second, the potential for hydrocarbons to be transferred to humans via
seafood (GESMAP 1993).

Acute exposures can take place after accidents, potentially affecting clean-up crews,

regulatory and emergency ofﬁcials, coastal residents, and members of scientiﬁc
teams investigating the spill. Intake of hydrocarbons can be through inhalation, skin
contact, and even accidental ingestion.

Direct skin contact with oil can lead to irritation and dermal corrosion. Exposure to

oil and to oil fumes could result in headaches, dizziness, nausea, sensation of

inebriation, vomiting, abdominal pains, skin irritation and erythema after contact
with oil.

The accumulation in ﬁsh tissues of Polycyclic Aromatic Hydrocarbons (PAH) from

oil may be of significance to the public health. The volatile aromatic benzene is of
particular concern in that it has been established as a human carcinogen; there is

clinical evidence that hyperplastic bone marrow leukemia is associated with exposure

to benzene, and recent clinical evidence shows that tank-cleaning personnel,
chronically exposed to peu'oleum vapours, suffer chromosomal aberrations in bone

marrow cells (GESAMP 1993).

4.1

In1l'_0.dJ.I£.tl9.n

Were it not for vast quantities of oil and gas lying around and under the Gulf, the

countries of the region might still be poor and developing. Instead, oil wealth has

projected the region into the modern age. The eight Gulf states of Kuwait, Bahrain,
Iran, Iraq, Oman, Qatar, Saudi Arabia and the United Arab Emirates sit on the largest

reserves of oil in the world, some 51 billion tons (Hinrichsen 1990). The Gulf is

perhaps the most strategic body of water in the world. It is an important part of the
world’s energy life-link.

Ironically, in a region dominated by ﬁerce political, economic and religious rivalries,

oil is one of many things that these countries have in common. Among other things,

what these eight countries of the Gulf really share in addition to oil, sand and heat, is
the sea.

Compared with most of the other regional seas, the Gulf area is relatively small and
sparsely populated, with around ten million people living in the coastal areas
(Hinrichsen 1990). However, despite its low population, the region is probably more

affected by human activities than most other regional seas.
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The Arabian Gulf, has been subject to the input of petroleum hydrocarbons from a

variety of sources. It has been estimated that oil pollution in the Gulf represents 4.7%
of the total oil pollution of the world (NRC 1985), and is expected to increasc due to

the introduction of new sources of oil pollution. The military activities in the region
have further magniﬁed the problem. It is well lmown that the Gulf war remains one

of the sources which has created a wide range of environmental problems for the
region. The damage to the coastal and marine environment was extensive and the
adverse effects from this activity are likely to be felt for the coming years.

With regard to the Gulf State of Bahrain there are many factors affecting the marine
environment. Urban centers along the coast cause tremendous stress to the vulnerable

coastal environment by discharging treated and untreated sewage into the shallow

coastal waters, together with industrial efﬂuents and irrigation drainage water (EPC
1994).

Shortage of land for development has prompted Bahrain to reclaim more land from
the sea by dredging. In the early years of reclamation and dredging activities, only

low cost considerations were studied and environmental concerns were not given

high priority. Unfortunately most of these reclamation activities have caused an
increase in the turbidity of the sea water, induced siltation and destroyed many of the
benthic communities of these areas (Madany at. al., 1990).

Still, oil pollution from inside and outside tenitorial waters is the main threat to the

marine environment in Bahrain.

Marine enviromnental issues in Bahrain are becoming increasingly important in
ﬁilﬁlling the social, economic, developmental and strategic objectives of the country.
In order to safeguard the marine environment and to protect Bahrain’s national

interests, the sources of oil pollution should be clearly identiﬁed.
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The main purpose of chapter four is to identify the various sources of oil pollution

affecting Bahrain and the consequent effects of such pollution.

4.2 ﬁenezallnfarmatinn
The state of Bahrain is an archipelago, located centrally on the southern shores of the
Arabian Gulf between latitudes 25° 32' and 26° 30’ north, and longitudes 50° 20’ and

50° 50' east. It lies some 22 km off the eastern coast of Saudi Arabia. It is linked with
Saudi Arabia by the King Fahad Causeway which was opened in November 1986.

The State of Bahrain comprises a group of more than 30 islands, with a total land
area of about 706.55 square kilometres, which is slightly bigger than Singapore. The

largest of these is Bahrain where the capital city Manama is situated. Bahrain island

accounts for nearly 85% of the total area of the state. See ﬁg 4.1.

According to the Directorate of Statistics, the total population of Bahrain reached six
hundred thousand in 1995. Bahrainis represent about 62.5% of the total population,
divided equally between males and females. A remarkable increase in the population

has been noticed since 1971 when it was approximately half of the current

population. Bahrain has a relatively high population density with 829 inhabitants per
square kilometre. Due to its small size, the state has experienced mixed development,

industrial areas being located close to residential areas.

Bahrain is surrounded by extremely shallow waters; normally less than 10 meters but

in large areas, the depth is 2 meters or less. The shallow water of Bahrain mostly

consists of sand, rubble, rock and coral reefs.

Salinities are high in the region ranging, between 35 and 50% o s. The temperature of
the near shore waters range between 17 and 33 centigrade (Linden 1980).

The satellite picture, extracted ﬁ'om the Bahrain Marine Habitat Survey on appendix
II page 148 shows the feature of the Bahrain coast and territorial water.

4.2.1 Economic Growth
Prior to the discovery of oil in the early thirties the economy was dependent

on agriculture, the pearl industry and regional trading.

Since the discovery of oil in 1932 Bahrain has witnessed a variety of changes, and by

the beginning of the seventies, when it became an independent state, socio-economic
‘restructuring had occurred at a rapid pace, boosted by the growing production of the

oil and gas industry and increased prices in the world market, particularly during and
aﬁer 1973.

However, due to oil price ﬂuctuations, it was realised that it was unwise to depend

solely on oil as a principal source of income, and as such, industrialisation has

become one of the options along with an additional key feature of Bahrain’s
economy which is the attraction of international financial institutions, thereby

making Bahrain an efﬁcient ﬁnancial centre in the Middle East.

The Bahrain National Income depends on oil production and reﬁning which
contribute 56.4% to the state revenue. In the last few years the dependence on oil has

decreased and revenue from the non-oil sectors is gradually increasing. However,

revenue from oil will dominate for years to come.

Fig 4.1

State of Bahrain

4.2.2 Overall Importance of the Sea
Since the earliest history of Bahrain, people have been attracted to the shores

of the sea. Today, as in the past, the foundations of life and development in Bahrain
remain ﬁrmly based on natural resources, both renewable and non-renewable.

Collectively, these resources contribute to the food, transport, industrial, recreational

and other needs of local people. The sea plays a particularly vital role in providing

most of the population with ﬁeshwater, about half of the islands fresh water
originates from desalination plants powered by fossil fuels (Price and Sheppard

1991). Also, the ﬁsheries are considered to be of much social signiﬁcance to Bahrain

and the related industry contributes to Bahrain national income.

4.3
mm
Bahrain is an archipelago of some of 33 islands and its land mass is comparatively

small, consisting of approximately 700 sq. km. However, when compared to 3000

sq. km. (Vousden 1985) of surrounding water these ﬁgures should indicate the
importance of the sea and the marine envirorunent to the state of Bahrain. While

marine pollution may be less acute on some isolated small islands because of the
large sea area relative to the land, other small islands still face many disadvantages

based on the factor of their small size and their proximity to other countries. In the

case of Bahrain, these challenges are magniﬁed by the fact that Bahrain is not just
small, but its jurisdiction also extends to a number of separated small islands, and

this makes effective marine pollution protection more difﬁcult.

Some of the disadvantages inherent in small size, as extracted from the United

Nations Conference on the Sustainable Development of Small Island Developing
States, include the following; a narrow range of resources, which forces undue
specialization; excessive dependence on international trade and hence vulnerability to

external developments; high overuse of resources and premature depletion; relatively
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small watersheds and threatened supplies of fresh water; costly public administration
and limited institutional capacities and domestic market, which are too small to

provide signiﬁcant economics of scale.

Small sized islands tend to have high

biodiversity, but the relatively small number of the various species present in the

small nation's water imposes high risks of extinction and creates need to emphasize
protection. In addition, the per capita income for small island states like Bahrain, is

relatively

higher than foremost other developing countries. Consequently, those

states always exclude or limit their access to international concessionary resources.

For the purpose of comparison, the resources needed to protect any section of
coastline ﬁ’om oil pollution incidents, is nearly the same in any country whether a

small island like Bahrain, or a large country such as the United States. However, if

this pollution incident result in the contamination of 100 km of United States
coastline, this means that only a very small part of their coast is affected. Conversely,

if the same happened in Bahrain, this would mean that almost the entire coast was
affected.

The factor of “small size" for developing states generally, and Bahrain in particular,

means that issues of development and enviromnent are closely interrelated and
interdependent. Thus, any ill-conceived development plan, or any pollution to the

marine environment, can have catastrophic effects on the island's marine
environment. The limited land areas and resources combine with growing

populations and increase transboundary pollution, making pollution prevention and

the management of wastes disposal a critical issue for the state of Bahrain.

4.4 Egjdgngg of 1211Eglluﬁgn

In

January 1983, the International Atomic Energy Agency (IAEA) of Monaco

undertook the ﬁrst of three missions to Bahrain (Vousden 1985). The objectives of
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these trips was to assist the state of Bahrain in fulﬁlling its corrunitments to the

Regional Organization for Protecting the Marine Environment (ROPME) 18-month

monitoring program. This commitment included the survey of beaches to identify the

effects of oil pollution, the collection of physical material (e.g. molluscs, ﬁsh and
sediments) for pollutant analysis and the training of local staff on various sampling
techniques. The ﬁndings of these surveys showed that the tar-ball counts recorded for

Bahrain were higher than the other Gulf states visited by the IAEA team (see table
4.1). This may be due to its close proximity to major oil ﬁelds along with the

direction of the prevailing winds in the area. However, the quantities were less than
expected considering the input of oil into the region in 1983 from the Nowruz spill.

Seawater, bivalves and surface sediments were collected for total petroleum

hydrocarbon level analysis. All three indicated the presence of hydrocarbon

contamination. The seawater at Askar village on the east coast of Bahrain was found
to be contaminated whereas samples from Zallaq village on the west coast were
found to be clean. This is accounted for by the fact that Askar is adjacent to the

effluent outfall from the Bahrain Petroleum Company (BAPCO).

In 1993, a comprehensive ﬁeld study of the levels of aromatic petroleum
hydrocarbons in water was conducted throughout the coastal areas of Bahrain, by the

Arabian Gulf University and the University of Bahrain. Fifty monitoring stations
were established, and each station was visited twice during the investigation.

Monitoring stations including industrial, ports, marinas and mooring stations, public
beaches and residential stations, domestic outfall stations, and remote ‘background’

stations. The results of the survey showed variations in petroleum hydrocarbons
concentrations in the sea water analyzed. The highest overall mean value was 88,5
pg/l measured in industrial areas and the lowest was 16.1 pg/l (Madany et al., 1993).

Generally, the levels of petroleum hydrocarbons were high in all stations compared

to other coastal areas in the Gulf, indicating a chronic oil pollution problem on the

Bahrain coast (Madany et al., 1993).

Table 4.1
Comparison of Average Value of Tar on Beaches in, Bahrain, UAE, and Oman
(g tar/metre of shoreline)

STATION

BAHRAIN
Al Jaza’ir Beach
West Palm Beach
“Transmitter” Beach

JANUARY

OCTOBER

APRIL/MAY

1983

1983

1984

140
596
728

14
318
858

22
513
240

56
37
5

45
233
4

" 123
28
9

99
33
230
235

906
6
66
554

45
2
13
279

MAE
Um al Quwain
Jebel Ali
Abu Dhabi

QMAN
North Bukha
Lima
A] Qufmn
Masira (Ras al Yei)

(source: Fowler 1985)

4.5 S.o.u1:s.es_oLQiLB2llutinn

Oil ﬁnds its way to the sea from different sources and in different ways. The coastal

area of Bahrain suffers from all kinds of oil pollution, mostly from industrial acﬁvity
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and shipping activity. Some of these sources of pollution are of a high magnitude and
short-lived, while others are considered as chronic problems. It has been estimated

that about 31 metric tonnes/year of aromatic petroleum hydrocarbons of oil enter the
coastal waters of Bahrain from land-based sources (Madany et al., 1993).

For the purpose of identifying and specifying the sources of oil pollution it has been
classiﬁed in the following sections as being derived from either internal or external
sources.

4.5.] Internal Sources
4.5.1.1 Industrial Waste
As a result of the decrease in oil resources emphasis" is being placed on

diversifying economic activities and thus, industrial development is receiving special

attention. The expanding industrial activity in Bahrain produces a variety of wastes,
and due to the limitation of land, it is not possible to allocate appropriate landﬁll sites

for each type of waste. The industrial waste problem has grown with the expansion of
industry and is ﬁrrther being magniﬁed due to the lack of waste treatment facilities.
Recycling of some wastes is being done on a very small scale and more needs to be

done on a national or regional scale to overcome this problem.

The principal sources of industrial impact on the marine environment around Bahrain
are mainly located in the Sitra area on the east coast. Some of the largest industries in

this area are the petrochemical reﬁnery of the Bahrain Petroleum Company
(BAPCO), ASRY dry-dock, Gulf Petrochemical Industry (GPIC) and the aluminium

smelter of Aluminium Bahra.in (ALBA). Because of the concentration of industry
around this area mostiof the industrial outfalls are sited at Sitra.
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Thesolid wastes from the main industries are given in Table 4.2. It can be seen that
the major problem in Bahrain is the oil and toxic sludge from the reﬁnery and dry

dock operations. The disposal of reﬁnery oily and toxic sludges is considered
unsatisfactory as it may result in sea and/or underwater contamination.

Table No. 4.2

Summary of the Main Industrial Solid Wastes in Bahrain

Source

Type

Reﬁnery

Oily sludges

Quantity tn/Yr.

17,500

Disposal Method

Open pit ground
Disposal very close to

the sea

Reﬁnery

Toxic sludges

146

Open pit ground
Disposal very close to
the sea

Dry dock

Oily sludge

1,000

Open pit ground
Disposal very close to

the sea
(Source: ROPME 1984)

S2

4.5.1.1.] BAPCO Reﬁnery
The Bahrain Petroleum Company (BAPCO) is a crude oil reﬁning company,

60 % owned by the Bahrain Government and 40% by Caltex. The BAPCO reﬁnery

is one of the largest plants in the Middle East. It has a capacity of 250,000 barrels per

day. Five sixths of the oil reﬁned comes from Saudia Arabia through a pipeline.

The BAPCO reﬁnery is the most signiﬁcant source of industrial pollution
discharging oil hydrocarbons, ammonia, phenols, heavy metals and sulphides into the

sea. The oil fractions in the discharge efﬂuent has caused high levels of hydrocarbons

in the sediments of the sea-bed adjacent to the reﬁnery and signiﬁcant levels
extending east and south for several kilometres (Vousden 1985). The discharge rate

ﬁ'om the main stream is in the order of 625,000 cubic meters per day with an average

oil load of 2.4 mg/liter (Vousden 1985).

A number of studies have been carried out on reﬁnery discharges, such as:

0

Linden, Report on Marine Pollution and Fisheries in Bahrain 1985

0 Mattsson and M. Notini, Impact of BAPCO Reﬁnery Effluent on the Marine

Environment, Report, October 1981.

These studies show that there was a high concentration of hydrocarbons around the
area of discharge. BAPCO has also carried out a number of tests by analyzing the
water around the discharge. The ﬁndings were that the amount of oil concentration
around the area of the discharge was higher than other areas far ﬁ'om the discharge.

With regard to the examination of the reﬁnery operation two points need to be
mentioned. First, the information sources employed in this analysis can be
considered to be somewhat dated, and as such the conclusions drawn are based solely

on the sources employed. Second, in 1990 the company undertook a modiﬁcation of

53

its oil separation facilities in an attempt to improve the quality of its affluent
discharges (EPC 1992). In spite of these changes the reﬁnery continues to be the

main contributor of aromatic hydrocarbon into the marine environment (Madany et.
al., 1993).

4.5.l.l.2 Arab Shipbuilding and Repair Yard Company
The Arab Shipbuilding and Repair Yard Company (ASRY) owns one of the
biggest dry docks in the area. It operates a repair yard with a 500,000 dwt graving

dock. Two ﬂoating docks with capacities of 120,000 and 80,000 dwt were added to
the yard’s dry-dock in late 1992. ASRY repaired 120 vessels in 1984, and 113 in

1995 according to the ASRY annual reports. The ASRY operation has resulted in

dirty ballast water, bilge residues and other oil waste.

In previous years, the vessel's oily waste at ASRY, was transferred to the slops

reception tanker ‘White Beach’ based at Mina Sulman inner anchorage, or taken
away by small road tankers to BAPCO for treatment. The facilities provided by

‘White Beach’ consists of a cascade system which separates the oil from water using
gravity, and discharges the clean water into the sea. Inevitably this discharge still

contains some oil fractions. This facility is now virtually obsolete and Bahrain

intends to install proper dock-side reception facilities when ﬁnance becomes

available. Until then ASRY is following a new policy of only receiving cleaned
tankers. However, incidents of oil spills still occur occasionally. The quantity of oil
discharged into the sea from this source has not yet been quantiﬁed but the dry dock

is considered as one of the main current oil pollution sources in Bahrain.

4.5.l.1.3 Car Service Stations and Garages
There is a continuous increase in the number of cars in Bahrain. In addition

many enter Bahrain from neighboring countries via the King Fahad Causeway. There
were 154240 vehicles registered in use in 1993, which makes one car for every 3
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persons living in the country (EPC 1994). Other than emission problems resulting
from these cars, any spill or leakage can easily ﬁnd its way into the sea through

different channels and the drainage systems. A higher concern is needed for car

service stations and garages which have a highly concentrated waste of spent
lubricant oil. An unspeciﬁed quantity of oil waste from garages and machine shops
on the island ﬁnds its way into the sea, principally via sewage tankers. These road
tankers are forced to discharge their loads onto the beaches (ROPME 1985) as the

sewage reception facilities at Sitra cannot handle the impurities such as oil and other

chemicals which are commonly mixed into the tanker load.

Recycling of oil wastes from this source may offer one solution to the waste
problem. In recent years there have been some companies which offer collection and

recycling (or at the least exporting for recycling) waste lubrication oil and or oily
sludge in Bahrain. However, until such operations are backed up by the force of law,

it is inevitable that the commercial collectors will cream off the easily accessible

waste while the balance will be disposed of as the generator sees ﬁt. (either in the

desert or into the sea).

4.5.1.2 Commercial Ports And Terminals
Bahrain has two major ports and one oil terminal. Mina Sulman is the main
commercial port handling 928 ships in 1995, mainly general cargo, container,

reﬁigerator, bulk and naval ships. The GIIC wharves, handled about 97 large deep

draft bulk carriers. The BAPCO terminal accommodated around 809 vessels in
1995, mainly tankers and gas carriers. These commercial ports are always a source of

oil pollution from operational discharges (loading, discharging, bunkering and other

operational incidents). The pollution of this area is very common particularly arotmd
the BAPCO terminal, which could threaten many resources in this area. However,

most of these discharges are minor ones, and relatively easy to contain. Nonetheless,
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the risk of catastrophic oil accidents (groundings, collisions, ﬁres, etc.) is always
present.

4.5.2 External Pollution
In the Gulf region, discharge of oil occurs frequently both as accidents and
illegally, in small or enormous quantities, either spontaneously or continuously.

The region is likely to be the marine area that receives the largest quantities of oil
pollution in the world. In 1979 it was estimated that a total of about 144,000 metric

tons of oil polluted the region (Golob and Brus 1984). The same authors estimated
that during the 10 years ﬁ'om 1979 to 1989 about 150,000 metric tons of oil will

pollute the region each year. According to these estimates, oil pollution in this sea

area represents 3.1% of the total oil pollution in the world, thereby contributing 47

times the average estimated amount for a marine environment of a similar surface
area (Linden et. al. 1990) .

Bahrain’s enviromnental issues are inter-related with its location in the Gulf and
because Bahrain is situated in the middle of the Gulf, where a large oil indusn'y

abounds, it is very obviously going to suffer from transboundary pollution which
occurs regularly in the region. Due to Bahrain’s geographical position, and due to the

prevailing northerly winds and the counter-clockwise current circulating in the Gulf,

it has been experienced that any oil spill occurring in the sea area north/northwest of
Bahrain, is most likely to be brought to Bahrain’s shore. Fig 4.2 shows the direction

of winds, current and the areas most likely to be contaminated. Also, Fig 4.3 shows

the direction of oil driﬁ from the Nowruz oil ﬁeld.

Since 1980, all the coastal areas of Bahrain endure major transboundary oil pollution
(Nowruz and Hasbah 6 incident) and survive others (Gulf war spill). This section will
focus on the oil pollution source affecting Bahrain from outside its territorial waters.
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Fig 4.2

Water Circulation and Oil Movement in the Gulf

/

Watercirculation

)1

Oil movement

Area of potential

spillage llnmocrtnlhni

7/4

Predicted oil impact moderate

-

Heavy

100km

The major cause of oil pollution in the region is the discharging of ballast water dirty
bilge water, sludge and oil slops. In a study conducted by ROPME it was estimated

that based on oil production and export

ﬁgures for 1986, a minimum of

approximately 2,900,000 tons of oily wastes (comprised of 2,500,000 tons of ballast
water and 400,000 of dirty bilge water, sludge and oil slops) is dumped into the sea.

Estimations for maximum quantities are for a total of 7,850,000 tonnes of oily
discharges of which 7,100,000 tonnes would be ballast water and approximately
750,000 tons would be oil slops. oily bilge water and oily sludge (ROPME 1986).

The Bahrain coasts continuously suffer ﬁ'om this kind of pollution. Tar balls are
very common on Bahrain beaches due to illegal discharges. A result from a 1992 

1993 rapid assessment survey to investigate the extent of hydrocarbon contamination

resulting from the Gulf war conducted by the International Atomic Energy Agency
Marine Environment Laboratory (IAEA-MEL) showed that severe oil pollution was

restricted primarily to the Saudi Arabian coastline within approximately 400 km of
spillage. However, concentrations outside the contaminated area in the vicinity of
Bahrain were, surprisingly, lower than those recorded in pre-war, 1983 - 1986,

surveys (Readman et. al., 1993). The reduction was probably a result of decreased

tanker traffic during and after the conflict and its associated deballasting. This result

clearly shows the effects of marine transportation on the Bahrain coastal area.

4.5.2.2 Tanker Accidents
The transport of oil is by far the largest item of maritime traffic in the region.
Excluding other commercial vessels, about 20 to 35 thousand oil tankers transit the

Gulf waters every year (Linden et. al., 1990). Such heavy oil trafﬁc through a

generally shallow and geographically limited area is a great hazard to the Gulfs
environment. Any tanker accident in the shallow waters of the Gulf causes serious
harm to marine and coastal areas. The handling of large oil tankers in the heavily
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travelled waters of the narrow Gulf amid an assortment of islands, shoals and
offshore installations obviously calls for maximum care and skill as well as precise

traffic supervision. Realistically it is not possible to avoid tanker accidents

completely. Even with the most sophisticated technical systems of navigation, oil can
be dumped into the sea by accident due to natural causes or human error. Fortunately
for many years Bahrain and the area has been saved from major accidents involving
super tankers.

Besides tanker accidents, the war between Iraq and Iran added another source of oil
pollution with the attacks on oil tankers in the area. Luckily, most of the tankers hit
were in ballast or the spills were contained in a short time. However, the military
attacks on oil tankers has resulted in several spills. The quantities lost in such

circumstances are not known. According to statistics compiled by MEMAC, 329 war
related incidents were reported between May 1981 and June 1987. Thirteen of these

incidents were conﬁrmed to have caused pollution and 17 incidents were classiﬁed as
being potential threats. In contrast, 82 general shipping incidents were recorded

during the same period with pollution being conﬁrmed in 11 incidents. Table 4.3
shows the vessel accidents reported to MEMAC from May 1981 to June 1987.

4.5.2.3 Offshore Oil Production
Oil and gas are produced from offshore deposits by almost all of the countries

of the region. There are approximately 34 offshore gas and oil ﬁelds with additional
ﬁelds waiting for exploitation (Linden 1990). In all there are over 800 producing

offshore wells with the largest numbers being in the waters of Saudi Arabia, Iran and

the United Arab Emirates.

The major hazard of drilling is a well blow-out. Between 1980 and 1983 four major

spills have been caused by well blow-outs in the Gulf. The longest recorded blow-out

in the region is that of Nowruz which not only involved several platfomis with
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multiple wells but also lasted for nearly eight months spilling very large quantities of
crude oil into the sea. Table 4.4 shows the major oil spill incidents due to well

blow-outs during 1980-1983. Also the two major oil well accidents which badly

affected the coastline of Bahrain are brieﬂy discussed below.

4.5.2.3.] Hasbah 6 Oil Well
One of the major oil spills to hit the coast of Bahrain occurred on the
8th of October 1980, after t.he blow-out of Saudi Hasbah 6 oil well, located about

100 km off the eastern coast of Saudi Arabia. An amount of about 80,000 barrels
(Fakhro 1991) of heavy crude oil was released into the sea. The Hasbah 6 spill was a

major transboundary pollution incident, where the north and northwest coasts of
Bahrain were badly contaminated. This incident enlarged the damage caused by an
earlier spill that had resulted ﬁom a leak that occurred at the Saudi Arabian loading
terminal at Juaymah. The oil on sandy beaches penetrated deep into the sand and a

few months after the spill, sand was found to be contaminated to a depth of at least
0.5 meter (Linden 1980). At low tide, oil trapped and penetrated into the sand leaked

out again causing recontarnination of already cleaned beaches. This can be a

continuing source of oil pollution in coastal waters over extended periods of time
(Madany et al 1993). The slick also posed major problems for possible contamination

of the water intakes of the power plants and desalination plants. Nevertheless, this
incident highlighted the need for multilateral and bilateral agreements and also the

need to understand the fate and behavior of spilled oil (discussed in chapter 2) in the
region in order to assess response readiness and strategies, including the

enviromnental impacts.

Table 4.3
Pollution alert reports from May 1981 to June 1987(MEMAC, 1987)

War related incidents
Pollution confirmed
Information N/A but possible potential threat
No pollution reported
Information N/A, not considered pollution potential

Total Incidents

13
107
125
83

329

General shipping incidents
(from 1 January 1984)

a)
b)
c)
d)
e)
t)
g)

‘Problems on board (fires, engine failure etc. )
Groundingl touching submerged objects
Collisions
Sinkingl Capsizing
Illegal discharge
Incident due to heavy weather
Miscellaneous: rupture of loading hose

Pollution conﬁrmed

Total Incidents (A- G)

28
20
6
13
3
6
6

11

82

Miscellaneous Incidents
(including oil slick sightings)
Pollution conﬁrmed

Total Incidents

20

Total of Recorded (Conﬁrmed) Pollution Incidents
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4.5.2.3.2 Nowruz Oil Field
Apart from the Gulf war spill, the worst oil pollution ever in Gulf history, was
recorded in April 1983; it caused a huge oil slick consisting of 100,000 barrels of
crude oil. This came from two Iranian oil wells, one hit by a ship in March 1983 and

the more serious one caused by Iraqi attacks on the Iranian oﬁghom Nowruz on ﬁe]d_

The large weathered crude oil drifted southward (Fig 4.3 showing the direction of the

drift) contaminating the east coast of Saudi Arabia and the north-west coast of
Bahrain and Qatar. It caused untold damage to marine life and brought to a halt the

desalination plants in several Gulf states including Bahrain. According to the Vice
‘Chairman of

the Enviromnental Protection Committee, the Nowruz incident

highlighted many important points including;

o

The available resources with the contracting states for combating oil

pollution were insufﬁcient and in need of considerable improvements.

0

Most reports received from member states, were either incomplete or

contained conﬂicting information regarding the oil slick.

0 The absence of an inventory list at the time of the incident on available oil

pollution combat equipment and personnel in the region made the

assessment of regional capabilities and readiness almost impossible.

Those two incidents demonstrate the high risk of uansboundary oil pollution that
Bahrain faces. Fortunately, Bahrain survived the great Gulf war oil pollution and

many other major incidents but the risk of uansboundary pollution will remain as
long as oil production in the Gulf continues.
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Fig 4.3

Direction of Oil Drift from Nowruz Oil Field incident
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4.6.1 Pipelines
A complete network of thousands of kilometers of pipelines are laying on the
bottom of the sea connecting the numerous oil loading tenninals and other offshore
oil installations in the Gulf region. These pipelines carry oil, gas and production
water from the offshore oil fields to shore facilities and tenninals. Such pipelines, if
not probably maintained, corrode and along with other defects may lead to leakage.
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Also, these pipelines are subject to being breached by accidents which could cause
catastrophic oil spills.

The Ararnco-Bahrain (A-B) pipeline extends 17 miles overland and a further 17

miles under the sea, before reaching the northwest coast of Bahrain. It moves around

80 million barrels of Saudi crude oil to the Bahrain reﬁnery. This pipeline always

poses a high risk of oil pollution arising from accidental discharge.

The recent accident which occurred in November 1993 to the (A-B) pipeline, is a

good example of this risk of pollution, where about

4000 barrels spilled (as

estimated by BAPCO) into shallow waters and close to tourist beaches and bird

sanctuaries.

4.6.2 Tankers Route
The greatest extemal threat to Bahrain is considered to be from tanker

accidents close to the Bahrain coast. There is a heavy traffic of large tankers (VLCC,

ULCC) calling at a number of major crude loading terminals to the north of the
Gulf. The large size and the close route of these tankers to Bahrain (especially loaded

tankers sailing from the Saudi oil terminals of Ras Tanurah and Juaymah), pose a

grave danger of accidental oil pollution. Even though such accidents have not yet
occurred they should not be ruled out and should be seriously considered in all

environmental planning.

4.6.3 Marine Transportation
The trend from previous statistics shows an increase in the number of ships
visiting Ba.hrain ports annually, Fig. 4.4. The planning for developing a number of

industries which depend mainly on shipping (Arab Shipbuilding & Repair Yard, Gulf

Petrochemical Industries Company, Gulf Industrial Investment Company, Bahrain

National Gas), and the building of new port will deﬁnitely attract a larger number of
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ships to the area. The concentration of these activities on one small area to the north
east, means a large amount of traffic is needed to be managed in the near future The

increase of shipping movements coupled with the narrow, long approach channe1 of

Bahrain, will increase the risk of accidents and oil pollution incidents.

Fig. 4.4
Number of Ships Vlsltlng Bahrain -( 1990-1995 )
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Bahrain environment. Because of their close location near to the coast any spill or

accidental discharge or sabotage act will find its way to the sea. Therefore the on

storage tanks should be considered in all environmental studies and be included in

the national contingency plan as a potential source of major spills.

Compared with most of the other countries in the region, Bahrain is a relatively small

and sparsely populated country with only around half a million people living in the
coastal areas. However, despite its low population and the environmental impact

arising from the war activities, the Bahrain marine environment has already been

subjected to major human pressure over recent decades. The development in the
coastal area has had a tremendous effect on the marine environment. It has been

estimated that over 40% of the Bahrain coastline has been developed during the
1970s and 1980s (Linden et. al., 1990). The development of the Bahrain coast will

continue to be one of the main sources of pollution affecting the marine environment
in the near and distant ﬁiture. Also, in many ways the Gulf is an odd ecosystem; the

seasonal extremes in temperature coupled with high salinities which have produced a

naturally stressful marine environment around Bahrain. Furthermore, the discharge of
hot brine from desalination plants has further served to exacerbate the problems of

the coastal region.

At the present time, many of the oil pollution problems in Bahrain are derived from

outside the territorial waters, mainly from the extraction and nansport of petroleum.
This source will continue to be the major oil pollution threat the area for the coming

years. Considering the size of the region, the input of oil into the sea through spillage
ﬁom these activities is probably the largest in the world. For the near ﬁxture,Bahrain

will continue to live under the threat of major and minor oil spills caused by the

transportation of petroleum.
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Offshore oil ﬁelds can justifiably be considered as ﬁxed-point sources of on
pollution (hot spots) in the Gulf. Pollution can arise, for example, as a large spill

from a pipeline break or well blowout, or chronically from continuous or intennittent
operational discharges. This industry will continue to be the main threat to the

Bahrain marine environment for years to come.

In recent years, military activities have further magniﬁed the problem. As a

consequence of repeated oil spills, most Bahrain beaches are heavily contaminated
with tar. An assessment carried out by (IAEA-MEL) showed that in general the

highest loads of tar in the region were found in Bahrain. Concentrations of up to 858
grams per meter were recorded in October 1983 (Fowler 1983). Unfortunately, in

unstable regions like the Gulf, oil pollution from military activities cannot be

discharged at the present time. The threat will remain a high risk to the marine
environment.

From the author’s perspective, the situation at the present time may be acceptable,

but it is set on a knife-edge where the situation could change rapidly at any time if
action is not

taken to carefully control the continuing and potential sources of

pollution in the region.

5.1 Jntmdnstlnn
Industrialization combined with population increase has brought major pressure to

bear on the land area of Bahrain. There has been a considerable reclamation of
land from the sea which has caused blocking of natural drainage channels killing
date palm trees, affecting mangrove swamps and stopping the flow of natural
springs (EPC 1994). Also, recurrent oil pollution incidents have effected the

marine enviromnent and economy adversely.

While the primary aim of the new economic policy in Bahrain is to accelerate

industrial development, improve operational efﬁciency and competitiveness,
enhance exports and induce greater foreign investments, inevitably this will have

both positive and negative environmental consequences.

The Government of Bahrain felt that economic development and sound
environmental management are complimentary aspects on the same agenda and
without adequate environmental protection, development will be undermined.

With this view in mind, the most important legislation was set forth as Amiri
Decree # 7 in August 1980, which formed the Environmental Protection
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5.2

Committee (EPC) and the Environmental Protection Technical Secretariat (EPTS)
as an executing body.

This chapter will solely discuss the national arrangement and the resources

available for responding to oil spills in Bahrain.

The Environmental Protection Committee is the agency responsible for protecting
the environment in Bahrain. It is attached to the office of H.H. the Prime Minister

through the office of H.E the Minister of Housing and Environment Protection,
the chairman of EPC. The EPC was given the following responsibilities (EPC
1993):

0 Development and implementation of enviromnental legislation including
air and water quality standards, air emission and liquid effluent

discharge regulation, pollution control strategy, control of toxic,

hazardous waste compounds.
0

Institute studies and research to evaluate the status of the environment.

0 Institute studies and research to identify the sources of pollution and

their effects on the environment.
0 Monitor pollution levels in the air, water and on land.

0 Coordinate and ensure environmental impact studies are performed prior
to industrial, commercial and private development activities.
0

Ensure all new development activities adhere to government regulations

regarding pollution discharges.
0

Work with existing government and private industrial and commercial

establishments to attain emission and effluent standards and comply

with other environmental regulations.
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0

Coordinate

with government and private institutions to ensure

environmental education is included in academic programs and mass
media.

0

Liaise with other government or international agencies or institutions for
all matters concerning environmental cooperation, coordination, studies
and research.

The Environmental Protection Committee (EPC), through its executive body the
Environmental Protection Technical Secretariat (EPTS), is the lead agency for

responding to marine oil spills and has jurisdiction within the territorial waters of
Bahrain, including port limits. The EPTS also has overall responsibility for the

development and implementation of the national contingency plan.

According to the national plan, the following agencies or industries are required to

provide assistance:

Bahrain Defence Force

Ministry of Interior
Ministry of Works, Power & Water

Municipalities

Ministry of Finance & National Economy

Ministry of Information
Civil Aviation Directorate

Ministry of Legal Affairs
Ras Hayan Wildlife Rescue Center

Al Areen Wildlife Park
Supreme Council for Youth & Sports

- Bahrain Petroleum Company (BAPCO)
- Bahrain National Oil Company (BANOCO)
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5.3 Snllmlnrmmmnxrmslm
As mentioned in the international conventions (MARPOL, OPRC) all countries

are requested to encourage reporting of ﬂoating oil discovered by vessels or
aircraft and to transmit reports to a designated central authority. Oﬁen a center is

established capable of receiving and processing such information on a continuous
basis.

With regard to Bahrain, all authorities and industries having marine or coastal

facilities or any marine activities, and all ship masters and aircraft pilots should

report any oil spill observed. Reports by the above or those obtained through

search and surveillance should be made to port control at Mina Sulman, whether

the spill occurs in Mina Sulman itself or anywhere within the territorial waters of
Bahrain. Figure 5.1 shows the reporting sequence in Bahrain.

Bahrain port control, in case of any incidents, will in turn notify the

Environmental Protection Technical Secretariat through the Head of Technical
Services. The vessel or the notiﬁcation sources should be prepared to supply the

following information:

0

Spill date and time

0 Geogaphical position of spill
0

Ship owner or operator

0 Type of oil and quantity spilled

0 Apparent cause of spill
0

Wind speed and direction

0

Sea state and air temperature

0 Actions taken
0

Whether further assistance is needed
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The Environmental Protection Committee (EPC), through its executive body the
Environmental Protection Technical Secretariat (EPTS) has the overall responsibility

for the formulation and administration of the national policy to control oil pollution.
With regard to the national contingency plan, the EPC is responsible for planning and

coordinating response activities to control pollution from the discharge or spillage of
oil or other harmful substances into the enviromnent. The EPC will:

0

Take an active leadership and participatory role in coastal resource

identiﬁcation;
/

0

Set priorities for resource protection and establish oil spill protection and
treatment for shorelines;

1

Ensure the availability of equipment and trained personnel to effectively
and safely manage spill response;

0

Work in concert with other ministries;

0

Recognize the particular expertise and resources of the Bahrain Coast
Guard, Bahrain Defence Force (BDF), and Directorate General of Ports in

emergency response and encourage a shared (uniﬁed) On-Scene Command;

employ contractors to provide skilled assistance and rescues in the event of

a major spill;
0 Utilize volunteer groups, where safe and practicable to do so; make a

regular review of the plan;
0 Ensure proper implementation of the plan;
0 Be responsible for integration and mutual support of local, regional and

international agreements;
0 Ensure proper managerial training; and
0 Any other related function and duties as assigned by the EPC.
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Small oil spills occurring at the Mina Sulman area or at Sitra Port are generally dealt

with by the Directorate General of Ports and BAPCO respectively. Although the
Environmental Protection Technical Secretariat (EPTS) would be notiﬁed, it would
not be involved further and the national contingency plan would not be activated. For

response assistance, the Directorate General of Ports might call directly on BAPCO.

However, should H.E. The Minister of Housing and Environment Protection, the
Chairman of the EPC, consider that an oil spill requires a national response, he is

empowered to take control of the response and to coordinate and cooperate with

other ministers to direct the allocation of resources from any government controlled
agency to assist in surveillance, protection, or cleanup activities.

The national contingency plan only applies to larger spills, though the quantity of the
small size spill is not made explicit. The plan describes three levels of response. At

all levels, the vice chairman of the Enviromnental Protection Committee acts as On
Scene Commander (OSC), and an Incident Command System (ICS) would be

established. Within the ICS, the command section would be supported by an
Operations Section, a Planning Section, a Logistics Section and a Finance Section.

The ICS Organization structure is shown in Fig 5.2.

The response to a spill will escalate depending on the nature and extent of the spill.

The three levels of response escalation are as follows:

Level 1 - Initial Team Response
The initial response to all oil spill events will be provided by the EPC staff of
the Oil Spill Response Team. The On-Scene Commander is responsible for selection

and deploying the most qualiﬁed people for the Oil Spill Response Team. The

minimal deployment. of the team should be the command staff and the chiefs of
operations and planning.
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Level 2 - Slgnlllcant Oil Spill
To improve the capability of the Oil Spill Response Team, additional

specialists with experience in oil spill response, resource analysis, etc. will join the

Oil Spill Response Team. The On-Scene Commander, in cooperation with On Scene

Technical Adviser Committee (OSTAC), is responsible for identifying other experts

required and for enhancing the response team.

Level 3 - National Emergency (catastrophic oil spill)
The Minister of Housing and Environment Protection takes control of the
response organization, and may enlist the support of other government agencies
mentioned in the plan.

According to the plan, a spill will be classed as a National Emergency when the

following conditions are evident or liable to occur;

1. Human safety and welfare
0 poisoning of water/food resources and/or supplies
0 presence of toxic fumes/explosive conditions
0

damage to personal property

0 need for evacuation of people
0

interference with public/commercial uansportation

2. Environment
0

injury of loss of animal/plant species, or their habitats, that are of
economic or ecological importance such as commercial, recreational

or subsistence ﬁsheries and marine bird rookeries.
0

impact on recreational areas such as public beaches.

0

impact on ecological, archaeological and cultural sites.
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Fig 5.2
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“The reality of the world today is that oil is central to the civilized way of life. The

uses of crude and fuel oils by themselves underpin the developed way of living and
the elimination of their use cannot be anticipated anytime in the foreseeable future"
(Sampson 1996). As long as oil is produced the risk of spillage into the sea will

always be present. Oil pollution prevention is a very important concept for protecting
the environment. However, planning for emergency oil spills cannot be ignored,

because these disasters simply will continue to happen no matter how strict the

preventative measures are. Once the incident has occurred, the extent of the damage

and the cost of the damage will be inversely proportional to the amount of time that it
takes to make an effective response to control, contain and clean-up the spill.

Without effective contingency planning, relatively minor environmental emergencies
can have long-terrn, serious negative effects. Also, signiﬁcant time is needlessly lost

and the marine environment is subjected to unnecessary degradation, and this

increases the real costs of the emergency.

Oil spillage and pollution is a recurrent phenomenon not only in Bahrain territorial

waters but widespread in many parts of the Arabian Gulf. With oil pollution, as well
as being unsightly on the shoreline of Bahrain, it severely menaces; the cooling sea

water intakes of industrial plants, the ﬁsh breeding grounds and the coral reefs,
harbors and other transportation activities, recreational beaches, access to small

ﬁshing craft moored close inshore and ﬁsh traps.

It follows that the state of Bahrain oil spill contingency plan has been approved and

signed by H.E. The Minister of Health, the former Chairman of EPC and it has been
in force since February 1993. The plan was designed to take the following events into
account:

0 Major pollution caused by spills offshore
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0

Major pollution caused by a reﬁned oil product spills originating in the
Mina Sulman/Sitra port complex and other areas

0 Frequent minor spills which together create a signiﬁcant pollution problem

5.5.1 Purpose
The purpose of the Bahrain oilspill contingency plan is to provide for a safe,
timely, effective and coordinated response by the Environmental Protection

Committee (EPC), in concert with other responding government, industry and
community agencies, to any oil spills affecting the land and marine environment.

5.5.2 Scope
The scope of the Bahrain oil spill contingency plan:

1. Outlines the organization, procedures and duties of the"state of Bahrain in

response to an oil spill on land and in Bahrain’s coastal and offshore

waters.

2. Identiﬁes the role of the Environmental Protection Committee as the
leading agency for responding to a land or marine oil spill in cooperation

with other responding bodies.
3. Establishes an Oil Spill Technical Advisory Committee (OSTAC) and an

Oil Spill Response Operations Section and outlines the duties and

responsibility of both the Committee and Response Section.
4. Provides a list of contact names and phone numbers for oil spill personnel

and environmental resources specialists, and suppliers of oil spill
equipment, services and materials.

5. Provides guidelines for shoreline smvey, neatment and cleanup, wildlife

rescue and rehabilitation, media relations and public communications,
waste disposal, and safety for everyone concemed with oil spill response.
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In the event of an oil spill each authority or industry is responsible for the protection

of its own sea water intakes or other sensitive installations. In view of this, each
authority or industry should purchase, install, operate and maintain its own protection
and cleanup equipment. It is each aut.horities and each industries responsibility to

draw up a contingency plan for the protection of its own water intakes or other
sensitive installations (EPC 1993). According to the Bahrain contingency plan, each

industry plan must include;

0

Description of each intake structure or sensitive installation

0

Water ﬂow characteristics

0

Equipment on hand

0 Methods of deployment

0 Methods of disposal of oil
0 Training of site personnel
0 Persons responsible for carrying out the plan

5.7

Each plan must be submitted to the On-Scene commander for the OSTAC to review

and approve. Each plan must be kept up-to-date to reﬂect the current situation.

The General Directorate of Ports plays a signiﬁcant role in protecting the marine
enviromnent in Bahrain. With regard to shipping the Port Authority has three roles to

fulﬁll, starting from monitoring (discussed in detail in VTMS subheading), response

and implementing the national regulations. In the event of an oil spill the port
authority is responsible for the protection of its own water and installation. Further,

the port may be called on to assist in combating or cleaning an oil spill if requested

by the chairman of the Environment Protection Committee (EPC). According to the
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Bahrain
contingency plan, the port is appointed with the following speciﬁc
responsibilities.

1) The provision of craft, crew and team leaders for offshore oil collection.

2 \f Combating oil spills within the ports waters or any places as required.
3 \/

Employed the vessel traffic system (VTS) and the available communication

means for the purpose of the incident.
4
5

6

%

Provide a suitable place for keeping the oil spill combating equipment.

$1

Assist in the training of personnel for the intended job.

%

Initiate legal actions against tankers or any ships having discharged oily

5-3
water, residues, or hannful

substances, and subsequently enforce

compliance with certain ﬁnes.

7) Visit any suspected vessels (national or foreign) to check that all oil

discharge equipment is in order.

For centuries shipping has been a major source of transportation which has kept pace
with the global industrial and economical growth. Oil releases from operation

activities and ship accidents are a regrettable part of recent transportation operations.

It has been agreed that this source of pollution will continue as long as transportaﬁon
of oil by ships is carried out. However, measures and ways to minimize or control

these sources should not be neglected.
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The increase in shipping activity in Bahrain with public awareness of its
environmental aspects, resulted in the Goverrunent of Bahrain, acting through the

Directorate General of Ports stepping well ahead of the other Gulf

States, to

introduce an advanced system of trafﬁc management techniques that enhances
navigational safety for the protection the marine environment.

The Directorate General of Ports is responsible for the safe navigation of all vessels
using Mina Sulman approach channels. The number of vessels calling at Bahrain
ports has reached 2000 per year and this can mean handling up to nearly 3,000

separate vessel movements over that period of time. All vessel movements are
monitored and controlled by the harbour section from a central control tower at Mina
Sulman. An automated vessel traffic management system, comparable with that

installed at major European ports, provides accurate information on the position and

movements of vessels using the Mina Sulman approach channels.

5.8.1 The Beneﬁts Of The (VTMS) For Bahrain
The beneﬁt that Bahrain achieved from implementing the VTMS in the port

of Mina Sulman may be categorized under various headings, such as (1) navigational
safety; (2) environmental protection; (3) trafﬁc efﬁciency; and (4) other beneﬁts. Just

to serve the purpose of this dissertation, the environmental and safety beneﬁts of

VTMS are discussed brieﬂy below.

5.8.1.1 Navigational Safety
a)

Providing essential information in a timely manner to the onboard

decision process so a ship can be aware of the prevailing condition (tides,
currents, traﬂic situation, status of navigational aids, vessels dragging
anchor etc.).
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b)

Organizing the advance planning of traffic movement through sailing
plans, allocation of space, time, etc. to avoid occurrence of dangerous
situations.

0)

Participating

in onboard navigational decision making, through

infonnation and advice, such as advising of vessels position, course to
steer etc., particularly during fog or rough weather when vessels may be

guided into and out of the harbour to and from safe pilot transfer

positions.
d)

Giving advance warnings to vessels in case of potentially dangerous
situations.

c)

Assisting emergency services for search and rescue.

Enforcing of port bylaws and national rules and regulation.

5.8.1.2 Environmental Protection
The VTMS role in enviromnental protection is three fold. First, by working

to prevent accidents through services which enhance navigational safety. Second by

helping to limit the effects of a pollution incident if one occurs, and third by helping
to identify the polluter. This role is achieved through the following:

a) By collecting information through routine reports on the status of vessels,

their equipment onboard and any defects, the nature of their cargo and
whether pollutants are carried .

b) Organizing advance planning/sailing plans and navigational assistance for
vessels carrying dangerous and noxious cargo and exercising stringent

controls on their movements in order to prevent accidents.
c) Informing other traffic regarding any vessel carrying dangerous cargo, to
ensure safe passage.

d) Cooperating with national, regional and port emergency and clean up

services as per pre-established contingency plan in case of a pollution
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accident, assisting their craft, protecting and routing other u-afﬁc so not to

impede the site of clean-up operations, and other measures to Emit the

consequences of pollution.
C\/

By using information on the vessel positions and their cargo to help
determine the possible polluter when a spill is detected and reported. this

will reduce illegal and deliberate spills and unauthorized dumping.

The safety of navigation and prevention of environmental pollution carmot be
guaranteed fully with the establishment of VTMS alone. It also requires the

improvement of existing navigational aids of the area, and the adoption of new
structural traffic patterns, rules and regulations, which will reduce the trafﬁc

5.9
u

complexity and improve the discipline of the port users. Likewise, competent
operators to carry out well deﬁned ﬁmctions is essential.

Oil pollution can adversely affect a wide range of Bahrain’s coastal resources. These

can be conveniently classiﬁed into:

0

Recreational and amenity areas

0 Marine fauna and ﬂora, including commercial ﬁsheries

0

Industrial installations

5.9.1 Recreational areas and amenities
Most of the coastline of Bahrain can be considered to have some recreational
or amenity value. The sandy, shingle beaches and the sheltered islands of the North

and West Coasts of Bahrain are used extensively by tourists during the summer and

spring months for a range of recreational activities. There are also a number of
recreational sites on the east side of Bahrain. The Marina Club, Bahrain Yacht Club

and Al Bander Resort each have a private beaches and a marina. There are a few

municipal beaches surrounding Muharraq Island. All these sites are involved in many

recreational activities. Boating, angling, scuba diving and other water-bome pastimes
are the main features of these areas. However, these activities could bring large

numbers of the public into contact with the unpleasant consequences of oil pollution.
Some areas at the south end of Manama Island like Ras Al Baar, have the potential to

become tourist attraction areas. The oiling of such areas may spoil the visual appeal

and consequently the economic value of these areas. In view of the large number of
people and wide range of activities scattered all over the island, the potential effects

on these activities by severe oil pollution of inshore waters and shorelines makes

protection of the coastline a very high priority in Bahrain, especially because Bahrain

has a high population density and the growing importance of economic tourism.

5.9.2 Commercial ﬁshing
Fishing in Bahrain is mostly artisanal and provides occupations to more than
2000 Bahrain ﬁshermen. The total ﬁsh landings in 1990 were 8105 MT at a value of

Bahraini Dirmar (BD) 6.4 million (16.9 million US dollars) with a decrease of 12%
in quantity and in value compared with 1989 (EPC 1992).

The ﬁshing industry is traditionally of great importance for Bahrain, with natural

stocks of ﬁsh and shellﬁsh being heavily exploited by vessels of different
nationalities. Protection of these resources from oil pollution, especially in the
shallow coastal waters, is regarded as being vital. Indeed in Bahrain, where the

ﬁshing industry is of ftmdarnental importance to the economy and social structure of

the country and local communities, protection of this resource is considered as the

ﬁrst priority.

With regard to the ﬁshing resources being threatened, there is a coral bank off the

east coast of Bahrain (Fasht Adham), with an associated productive ﬁshery. The
waters east of Bahrain are a feeding ground for dugongs and sea turtles, as well as
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being a shrimp ﬁshing ground. There are many patches of mangroves around
Bahrain. Khawr Al Kabb (also known as Toubli Bay) is considered to be important

as a shrimp nursery ground and shorebird feeding area. Another shrimp nursery

ground is located around the south side of Muharraq island. Fig 5.3. shows the map

of Bahrain with the important ﬁshing grounds; they are mostly located along the east

coast of Bahrain where the risk of oil pollution is higher.

Fishing traps (Hadra) and ﬁshing boats are mostly located around Muhan-aq island
and in Sitra and Budaya. There are also a few traps located in the vicinity of Mina

Sulman.

There are many sensitive areas surrounding Bahrain’s islands, and according to a

program carried by EPC to identify the degree of sensitivity of Bahrain coastal areas,
the following areas have been categorized for various levels of management:

1. Full protection:
0

Hawar Islands.

0 Mashtan Island & surrounding Reef Area.
0

Western & southern coastline of Tubli Bay.

The above areas are considered to be bird feeding and roosting zones so they need to

be fully protected.

2. Conservation status:
0 East Coast Reef & Seagass Zone.
0 Northern Edge of Fasht Adhm.
0

Inner, Northern & Eastern Tubli Bay.

0 The outer Reefs, Jaradah and Fasht Al Dibal.
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The above areas represent zones of major commercial and scientiﬁc importance due
to the presence of a number of unique and rare habitat types, namely: coral reefs and

seagrass beds. The reefs are of importance because of the rich diversity of marine
life, while the seagrass beds are an important habitat for commercial species of ﬁsh
and shrimp as well as endangered species such as turtles and dugongs. Those areas

require some special measure of conservation, monitoring and general supervision.

5.9.3 Industry
Most of Bahrain’s main indusuial installations are located on or near the
coast in order to have access to supplies of cooling water. Interference with
"operationscan have widespread consequences.

There are two water intakes using seawater in the vicinity of Mina Sulman and Sitra
Port. One belongs to the Sitra municipal desalination _plant/power station

administered by the Ministry of Works, Power & Water. The other belongs to the
BAPCO refinery. Water is used for cooling and desalination. Both intakes have their

own protective equipment and contingency plans. Farther south on the east coast
there is an intake for a municipal desalination plant at Adur.

Other sensitive industrial facilities include the BASREC slipways at Mina Sulman.
There are three dry docks (two ﬂoating dry docks) at ASRY ship repair facility. The

port of Mina Sulrnan and the BAPCO terminal and the industrial area jetties at Sitra
are also sensitive areas, whose essential activities can be frozen in cases of major oil
spills.

Fig 5.3

Important Regions in the Coast of Bahrain
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Manpower and oil responding equipment are fundamental for protecting the coastal
areas. The equipment and materials should be distributed around the coast at strategic

locations with large amounts needing to be concentrated in areas of higher risk.

In Bahrain the specialized spill response equipment and materials are owned by three

authorities; the Directorate General of Ports, Bahrain Petroleum Company (BAPCO),

and the Environmental Protection Committee (EPC).

The Environmental Protection Corrunittee has its own equipment, which is stored in

the Muharraq area. This store contains a large amount of boom, dispersants and
skimmers. The EPC supplies the port and other industries (desalination and power

plants) with protection equipment when it is needed. The EPC has no manpower to

use this equipment, relying mainly on the Directorate General of Ports for resources
in this respect.

The Directorate General of Ports holds equipment and materials owned by itself as
well as the EPC. This includes equipment for nearshore recovery of heavy oils. Most

of this equipment is stored in the port area of Mina Sulman and Mina Almanama.
The maintenance and storage of this equipment is not done properly, that is, due to a

lack of resources and specialized personnel trained in these matters. The Directorate

General of Ports owns three tugs which could in principle be used for the deployment
of booms and skimmers; one of the tugs has spray arms, and an integral dispersant
pump and tank. The port also has two barges which could be used for temporary

storage of oil waste.

Within Bahrain the Petroleum Company is the only industry which has the right

equipment and trained personnel to deal efﬁciently with oil spills. The BAPCO
resources are stored at four locations at Sitra. There is equipment for shoreline
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protection and nearshore recovery of light oils. They also own three rugs and other

assorted craft, including three bunker barges and four dedicated oil spill response

craﬁ. Although, the tugs and bunker barges might not be released for spill response,

the spill response craft would be made available to assist in the event of a spill.

In case of the need for aerial dispersant spraying, Bahrain always requests the help of
Saudi Arabia.

Some of the coastal industries, such as Sitra Power Station/desalination plant, GIIC
and Asry dry-dock have limited booms to protect their intakes and facilities.

Conceming manpower, Bahrain has a very limited manpower supply of well trained
and experienced operators to control and deal with oil spills. However, according to

the national contingency plan, each agency should appoint the most experienced
trained personnel to carry out the tasks as signed. In addition, the plan states that the

Bahrain Defence Force, the Ministry of Interior and the Public Works Directorate
should Provide 400, 300, and 150 men daily, respectively. The EPTS in coordination

with the Supreme Council of Youth and Sport are to arrange a volunteer workforce if
necessary.

Bahrain is a member of the Regional Organization for the Protection of the Marine
Environment (ROPME), therefore the Government could request additional resources
from other member states. This request would be made through the Marine
Emergencies Mutual Aid Center (MIEMAC), the operational arm of ROPME.

Likewise, supplementary resources could be requested by BAPCO as a member

company in Gulf Area Oil Companies Mutual Aid Organization (GAOCMAO). The

use of resources through MEMAC or GAOCMAO would only become relevant in

the event of a major spill exceeding the capabilities of the relatively large amount of
equipment maintained in the country.

The ‘Bahrain International Airport, the air cargo hub of Bahrain, is located on

Muharraq Island. There are no prearranged customs or immigration agreements

applying to arrivals of emergency response equipment and personnel from overseas.

The Directorate of Customs of the Ministry of Finance & National Economy and the

Immigration Department of the Ministry of Interior, respectively, would probably
make arrangements on an ad hoc basis as needed.

present and ﬁiture generations is recognized by a number of United Nations treaties
on the environment and by regional and international conventions. There is no doubt

that these conventions and treaties have reduced pollution in the world today.

This chapter tries to set out in brief terms the general legal ﬁnmework of the relevant
international instnunents relating to marine pollution prevention from ships, with
particular emphasis on the conventions dealing with oil pollution prevention, liability
and compensation. Also, Bahrain maritime legislation, including upgrade and

recommendations are discussed.

6.2
mmmm
The international community of the late twentieth century faced an expanding need
to develop universal norms to address global concerns. Perhaps one of the most

salient of the these concerns is to protect the earth's environment. While many
environmentally harmful activities result only in local damage, others have an impact

far beyond the boundaries of the states in which they take place and may cause
damage to the earth's environment as a whole.

The current threats to the

enviromnent highlight the importance of establishing norms to control activities that
endanger all nations and peoples, regardless of where the activities take place. The

problem of marine pollution has been addressed in a nmnber of international
conventions. The two main international convention directly and clearly mentioning

the protection of the marine environment are;

1. The Geneva Convention on the High Seas 1958.

2. The UN Convention on the Law of the Sea, l982(UNCLOS)

By examining these two conventions we can see clearly that the view of international

law, the right of users of the ‘high sea, is not an absolute right but a right of
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reasonable use. This right, conﬁrmed by the Geneva Convention on the High Seas
1958, Article, 2 specifies that:

"thefreedom of the high seas must be exercised by all states with reasonable regard

to the interests of other states in their exercise of thefreedom of the high seas. "

In Article 2 there is indirect indication to the marine enviromnent by mentioning the

with reasonable regard, so unreasonable discharge of oil or any pollutant into the

high sea is prohibited. Article 24 of this convention further provides that

" Every state shall draw up regulations to prevent pollution of the seas by the

discharge of oilfrom ships....taking into account of the existing treaty provisions on
the subject. "

Article 24 gives the right for states to draw up regulations to protect the marine

environment, not just from operational discharges but accidental discharge as noted

implicitly by Article 10 of the convention.

" 1. Every state shall take such measures to ships under itsﬂag as are necessary to

ensure safety at sea with regard, inter alia;
0 The use of signals, the maintenance of communications and the prevention

of collisions;
0 The manning of ships and Labour conditionsfor crews taking into account

the applicable international Labour instruments;
0 The construction, equipment, and seaworthiness of ships.
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2. In taking such measures each state isrequired to conform to generally accepted
international standards and to take any steps which may be necessary to ensure their
observance. "

The states obligation to protect the marine environment were more speciﬁcally
addressed at the UN Conference on the Human Enviromnent which took place in

Stockholm 1972. Principle 7 of the Stockholm Declaration states that

"States shall take all possible steps to prevent pollution of the seas by substances
that are liable to create hazards to human health, to harm living resources and
marine life, to damage amenities or to intejere with other legitimate uses of the
sea. II

The UN Convention on Law of the Sea is a comprehensive instrument in matters
pertaining to rights and duties of coastal states with regard to maritime activities. It

includes a number of provisions that explicitly or implicitly relate to environmental
matters in general and marine pollution in particular. Articles 192-233 of part X11

particularly deal with the Protection and Preservation of the Marine Environment.
Article 192 of UNCLOS 82 states that:

" States have the obligation to protect and preserve the marine environment"

Articles 193 and 194 of the convention elaborate further on aspects related to a

state’s rights in the exploitation of its natural resources. They also address the

integration of national economic interests and the obligation to respect the global

interest in the protection and preservation of the marine environment. In addition,
measures to prevent, reduce and control pollution of the marine environment are set
forth.
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Coastal states are also called, in UNCLOS 82, to cooperate on a regional and global

basis in the pursuit of the achievement of environmentally sustainable development.
With that concern in mind the convention in Article 197 states that:

"States shall cooperate on a global basis and, as appropriate, on a regional basis,
directly or through competent international organizations, in fonnulating and

elaborating international rules, standards and recommended practices and
procedures consistent with this convention,for the protection and preservation of the

Marine environment, taking into account characteristic regional features "

Article 220(5) of the convention provides that a coastal state may take certain action

in the event of a commission of marine pollution in its Economic Exclusive Zone

(EEZ) which results in a "....substantial discharge causing or threatening significant

pollution of the marine environment, that state may undertake physical inspection of
the vesselfor matters relating to violation.... "

6.3

Article 220(6) also allows a coastal state to take action in the event of marine

pollution committed in the EEZ of the state when there is clear evidence of the

violation and when the violation might be, “....causing major damage or threat of

major damage to the coastline or related interests of the coastal state, or to any

resourcesofits territorialsea or EEZ

I)

In a complex activity, as in the case of maritime industry, legislation is of extensive
and great importance.

Its tendency to be mostly governed by international

conventions is due to its international characteristics which result in the need for
common practices and procedures aimed at facilitating its development.
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With regard to marine pollution, it has been recognized for many years that marine

pollution from ships, which affects so many nations, can only be satisfactorily

tackled through an international marine forum. This fact has increased the need for

combined efforts for developing and adopting solid national and international legal
instruments.

The existence of IMO and its work has been a living example of the world maritime

community's willingness to harmonize standards, practices, procedures and legal

mechanisms for the benefit mainly of safety and the protection of the marine
‘enviromnent.

6.3.1 IMO Operation
The measures evolved by IMO are normally contained in international

treaties known as conventions. These are developed by representatives of Member
Governments meeting in the IMO forum and the resulting conventions are then

agreed on, or adopted, at a conference of Governments called by the Organization.

IMO conventions tackle the problem of marine pollution in a number of ways. They
include the following:

6.3.1.1 Preventing operational pollution
This can result, for example, from the discharge of oil-water mixtures
resulting from tank cleaning directly into the sea. This has been done by introducing

anti-pollution measures into the design, equipment and operation of ships.

v’ 6.3.1.2 Reducing Accidents
This is principally achieved by introducing and enforcing strict standards and

navigational procedures on a world-wide basis. While principally designed to make
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shipping safer these measures have a secondary advantage in that they also help cut
pollution resulting from accidents.

V6.3.1.3 Reducing The Consequences of Accidents
Measures have been introduced which are designed to lessen the amount of

pollution resulting from an accident (for example, by limiting the size of tanks and

thereby limiting the amount of oil entering the sea in the event of a tanker going

aground or being involved in a collision).

., 6.3.1.4 Providing Compensation
The costs of pollution can be enonnous.

A series of measures has been

adopted to enable victims of pollution incidents to be provided with compensation
for their losses.

s«’6.3.1.5 Helping Implementation
IMO has provided technical and other assistance to Governments in

developing contingency plans for countering pollution.

6.4“
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The current IMO conventions dealing with the protection of the marine environment
are numerous and as such, they touch on many aspects of the environment. Some of
them are general while others are more technical, however, many of these IMO

conventions are mainly for the safety of ships rather than addressing oil pollution in

particular. The relevance to oil pollution lies in the prevention of accidents which
may result in pollution incidents. This section focus only on the convention which

are directly related to oil pollution. Consequently, it should be noted here that the

following infonnation is in part on the data presented in the IMO publication entitled
“Focus on IMO 1996". Among those already in force the following can be cited.

6.4.1 International Convention for the Prevention of Pollution of the
Sea by Oil (OILPOL), 1954
In 1954, OILPOL was adopted as the first multilateral instrument to be

concluded with the prime objective of protecting the environment. It is concerned
with the agreement between the Governments involved to prevent pollution of the
sea by oil discharged from ships.

The Convention itself was concerned only with operational pollution from merchant

ships. "It only prohibits the deliberate discharge of oil or oily mixture: from all
seagoing vessels, except tankers of under 150 tons gross and other ships of under
500 tons grass, in specific areas called prohibited zones" (IMO 1996). It also
requires the Contracting State to promote the provision of facilities for the reception

in port of oil residues and oily mixtures without causing undue delay to ships.

In 1962

OILPOL was amended to narrow the permitted areas for pollutant

discharge. It was amended again in 1969 in response to the Torrey Canyon disaster,

which had illustrated some of the weakness in OILPOL. In 1969, ﬁrrther extensive

amendments to the Convention were made which are generally based upon the

principle of total prohibition of oil discharge, except in certain conditions, and gave
international recognition to the “load on top” system. Two further amendments were
made in 1971. One was designed to deal with the environmentally vulnerable Great

Barrier Reef of Australia and the other to deal with the tank size of tank-ships.

While OILPOL has now been superseded by MARPOL 73/78, it will, nevertheless,

continue to be a part of international marine pollution law for those countries which

has not ratiﬁed the MARPOL convention.

6.4.2 Convention on the Prevention of Marine Pollution by Dumping of

Wastes and Other Matter, 1972 (LC 72)
The convention on the prevention of marine pollution by dumping of
wastes and other matter (London Convention) entered into force on 1975. Since

then, substantial progress has been made in the control of dumping at sea

The

unregulated dumping that used to take place has been largely halted.

The

Convention prohibits the dumping of hazardous materials. It also requires a prior

special permit for the dumping of a number of certain materials and a general pennit
for other wastes or matter. All material and wastes which cannot be dumped or
where a special dumping permit is required are listed in the Annexes and the criteria

goveming the issuing of these pennits are laid down.

The London Convention clearly deﬁnes dumping, as: "the deliberate disposal at sea
of wastes or other matter from vessels, aircraft, platforms or other man—made

structures, as well as the deliberate disposal at sea of vessels, aircraft, platforms or
other man-made structures at sea. ' I

In addition the Convention encourage and promote the regional cooperation between

member states, especially in the ﬁelds of monitoring and scientific research.

6.4.3 The International Convention For The Prevention Of Pollution
From Ships, 1973, As Modified By The Protocol Of 1978 Relating

Thereto (MARPOL 73/78).
This convention perhaps the most important international agreement

on the subject of marine pollution. MARPOL 73/78 entered into force in October
1983 and effectively superseded OILPOL 54.

This Convention was the most

ambitious attempt ever made by IMO to prevent, contain and combat shipbome
pollution. It attempted to eliminate operational pollution and further to reduce the

possibility of accidental pollution; and it dealt with not only oil but chemicals carried
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in bulk, noxious goods carried in packaged form, sewage and garbage ﬁom all type

of ships. Nevertheless, MARPOL does not covers the disposal of waste by dumping

neither pollution arising out of the exploration and exploitation of sea-bed mineral
TCSOUICCS.

MARPOL consists of a main body of the convention with 20 articles and it has two
protocols dealing respectively with Reports on Incidents involving Harmful
Substances and Arbitration; and ﬁve Annexes which contain regulations for the

prevention of various forms of pollution. Annexes I and II are compulsory which
means a state must ratify the two Annexes in order to become party to MARPOL,

while the others are optional.

The MARPOL Annexes encompass the following:

Annex I: Petroleum in any fonn other than petrochemicals which are subject to

the provision of Annex II
Annex II: Noxious liquid substances in bulk. Liquid substances carried in bulk
(chemical tankers) falling into four categories, according to their hazard proﬁle,

and are identiﬁed as marine pollutant in the Bulk Chemical Hazardous Code
(BCH) and in the International Bulk Chemical Code (IBC).

Annex III: Harmful substance carried by sea in packaged fonn. Harmful
substance which produce a hazard to aquatic life or human health are identiﬁed
in the International Maritime Dangerous Goods Code (IMDG Code).

Annex

IV: Sewage. Drainage from any form of toilets, medical premises,

spaces containing living animals and other waste water mixed with the

drainage mentioned.
Annex V: Garbage. Victual, domestic and operational waste due to normal

operation of the ship.
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A new Annex number six might be included to MARPOL, at a conference due to be
held in April 1997. The new Armex is dealing with the control of air-pollution from

ships. The salient areas of restriction would be as follows

0

Discharge of sulphur Oxides and Nitrogen Oxides from Machinery on

ships. The former creates acid-rain, while the latter creates photochemical
smog.

0

Use of ozone depleting substances, i.e. chlorofloro-carbons.

0

Discharge of volatile organic compounds from cargo tank areas.

0

Discharge of harmful exhaust gases from incinerators.

The convention completely prohibited the discharge of oil within “special areas"
which are considered to be so vulnerable to pollution by oil. The main special areas
are the Mediterranean Sea, the Black Sea, the Baltic Sea, the Red Sea and the Gulf
area.

MARPOL involves the ﬁtting of appropriate equipment, including an oil discharge
monitoring and control system, oil-water separating equipment and a ﬁltering
system, slop tanks, sludge tanks, piping and pumping arrangements.

6.4.4 International Convention Relating to Intervention on the High
Seas in Cases of Oil Pollution Casualties (INTERVENTION), 1969.
This Convention reﬂects the importance and attention given to the

marine enviromnent, by giving the right to states other than a ﬂag state to intervene
on the high sea in cases of oil pollution. This is a real departure from the traditional

international legal principle which allowed no interference in the legitimate

operations of vessels on the high seas.
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The incident of Torrey Canyon brought a number of issues to the surface, including
the issue to intervention of coastal states on the high sea in case of oil pollution. The
Convention gives the coastal states limited right on the high sea to take measures to

intervene to prevent, mitigate or eliminate danger from vessels which are considered
to present a grave and imminent threat to the coastline or other coastal interests ﬁ'om

oil pollution as a result of a maritime casualty. The Convention does not applies to
warships or other vessels owned or operated by a state and used in Government non

commercial service.

Article III of the Convention stated that coastal State is empowered to take only such
action as is necessary, and after due consultations with appropriate interests

including, the flag Stateor States of the ship or ships involved, the owners of the
ships or cargoes in question and, where circumstances permit, independent experts

appointed for this purpose.

The Intervention Convention has been accepted by a large number of states and
entered into force in 1975.

It has been modified by the 1973 protocol which

extended the Convention to cover substances other than oil and the 1991 amendment

which revised the list of substances drawn up in 1974 to assist the application of the
1973 protocol.

6.4.5 International Convention on Oil Pollution Preparedness, Response
and Cooperation (OPRC), 1990
This convention was adopted at a conference convened in November
1990 establish precautionary measures and effective preparation for combating oil

pollution incidents posing a threat to the marine environment, coastline or related
interests of states. It applies to all ships, offshore units, sea ports and oil handling
facilities. The Convention provides a global ﬁ'amework for international cooperation

and facilitates mutual assistance in preparing for and responding to a major oil
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pollution incident and to encourage states to develop and maintain an adequate
capability to deal with oil pollution emergencies.

States party to the convention will be required to establish a national system for

responding promptly and effectively to oil pollution incidents which have , as a basic

minimum, a national contingency plan, designated national authorities and
operational focal points responsible for oil pollution preparedness and response,
reporting and handling requests for assistance. In addition, each party, within its

capabilities either individually or through bilateral or multilateral cooperation, and in
cooperation with the oil and shipping industries, port authorities, and other relevant
entities, shall establish:

0 Minimum level of repositioned oil spill response equipment, proportionate
to the risk involved, and programmes for its use

0

Program of exercises for oil pollution response organizations and training

0

Detailed plans and communication capabilities for responding to oil

0

Mechanism or arrangement for coordinating response to oil pollution

of relevant personnel

pollution incidents and

incidents with, if appropriate, the capabilities to mobilize the necessary
l'CSOl.ll'CCS.

Contracting states ships are required to carry a shipboard oil pollution emergency

plan. Further, any ﬁxed or ﬂoating offshore installation or structure engaged in gas or

oil exploration, exploitation, production under the jurisdiction of parties are also
required to have oil pollution emergency plans or similar arrangements which must
be coordinated with national systems for responding promptly and effectively to oil
pollution incidents. The Convention obliges ships, offshore units, aircraﬁ, seaports
and oil ha.ndling facilities to report oil pollution incidents to the nearest coastal state
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or competent national authority and advise neighboring states at risk and IMO as

appropriate.

The Convention promote the cooperation between parties to provide support,

technical assistance and training of personnel.

6.5
mmu
One of the major issues rising from the Torrey Canyon incident was the legal issue

related to the basis and extent of the ship or cargo owners liability for damage

suffered by states or other persons as a result of a marine casualty involving oil

pollution.

At the present time, liability and compensation for oil spills from laden tankers is

governed by two international conventions adopted under the auspices of IMO; the

International Convention of Civil Liability for Oil Pollution Damage (CLC 1969)

and the International Convention on the Establishment of an Intemational Fund for
Compensation for Oil Pollution damage (Fund Convention 1971).

6.5.1 International Convention on Civil Liability for Oil Pollution
Damage, 1969
The Civil Liability Convention forms the basic structure on which the

regimes of liability and compensation for oil pollution damage from ships are based.
It is ftmdamentally aimed to provide an adequate compensation for persons or

countries who suffered oil pollution damage resulting from maritime casualties

involving oil-carrying ships. The scope of application of the Convention, as
summarized by the Director of the International Oil Pollution Compensation fund,
are as follows:
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1. The CLC applies to oil pollution damage resulting from spills from laden

tankers and suffered in the territory (including the territorial sea) of a
Contracting State.

The only criterion for its applicability, therefore, is

where the damage occurred. The flag State of the tanker and the nationality

of the shipowner are irrelevant for determining the scope of application of
the CLC Convention.
2. The CLC also applies to measures, wherever taken, to prevent or minimize

pollution damage in the territory and territorial sea of a Contracting State.
3. Damage caused by non-persistent oil is not covered by the CLC.
Therefore, spills of gasoline, light diesel oil, kerosene, etc., do not fall

within the scope of the CLC.
4. The Convention only covers tankers carrying oil in bulk as cargo. Spills

from a tanker during a ballast voyage are, therefore, not covered by the

CLC Convention, nor are spills of bunker oil from ships.

5. The Convention applies only to damage caused or measures taken aﬁer an

incident has occurred in which oil has escaped or been discharged

The

Convention does not apply to “pure threat removal measures", i.e.
preventive measures which are so successful that there is no actual spill of
oil ﬁ'om the tanker involved.

6. Compensation for oil pollution damage not covered by the CLC, i.e.

damage caused by spills from unladen tankers or from ships other than

tankers, costs of pure threat removal measures and damage caused by non
persistent oil, is governed by the applicable national law, normally the law

of the state where the damage was sustained.

The Convention also lays down the principle of suict liability (liability even in the
absence of fault) for the shipowner and requires him to take out liability insurance.
According to the Convention, shipowners may be exempted ﬁ'om liability in

particular cases, namely;
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0

the damage which is a result of an act of war or a grave natural disaster,

0

the damage which is a result of sabotage by a third party

0

the damage wholly caused by the failure of authorities to maintain

navigational aids.

As the CLC Convention was no longer able to ﬁilly meet the demands of major
pollution incidents, a protocol was developed in 1984 at the IMO. The CLC Protocol

raises liability limits for ships up to 5000 GRT and above. If proven damages exceed

the shipowners liability, the 1984 Fund Protocol provides additional compensation.

6.5.2 International Convention on the Establishment of an international
Fund for Compensation for Oil Pollution Damage, 1971
The Fund Convention is supplementary to the Civil Liability

Convention. It creates a system of additional compensation, to ensure that full

compensation will be available to victims of oil pollution incidents and that the

shipowners are at same time given relief in respect of the additional financial burdens
imposed on them by the said Convention. The main purposes of the Fund

Convention are:

0 To provide compensation for pollution damage to the extent that the
protection afforded by the 1969 Civil Liability Convention is inadequate.

0 To give relief to shipowners in respect of the additional ﬁnancial burden

imposed on them by the CLC, such relief being subject to conditions
designed to ensure compliance with safety at sea and other conventions.
0

To give effect to the related purposes set out in the Convention.
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The Fund Convention set up the International Oil Pollution Compensation Fund

(IOPC Fund) to administer this system.

The IOPC ftmd is under an obligation to pay compensation to States and persons

who suffer pollution damage, if such persons are unable to obtain full and adequate
compensation for damage under the CLC for one of the following reasons:

0 No liability for pollution damage arises under the Civil Liability

Convention because the owner can invoke one of the exemptions under
that Convention.
0 The owner is ﬁnancially incapable of meeting his obligations under the
Civil Liability Convention and his insurance is insufficient to satisfy the

claims for compensation for pollution damage.
0 The damage exceeds the owner's liability under the CLC.

The IOPC Fund is relieved of its obligation to pay compensation if it proves that the
pollution damage resulted from an act of war or if it was caused by a spill from a
warship or in the case where the spills of oil are from tmidentiﬁed sources.

The compensation is payable to Governments or other authorities which have

incurred clean-up costs or costs for preventing or minimizing pollution damage, and
to private bodies or individuals who have suffered damage such as ﬁshermen.

Contributions to the Fund are made by crude and fuel oil cargo receivers in

contracting states on proportional basis. The important amendments to the Fund

Convention were in protocol of 1984 which raises the limits of liability contained in
the convention and thereby enables greater compensation to be paid to victims of oil

pollution incidents.
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6.6
The force of existing IMO convention dealing with the protection of the marine
environment are various. Some are in force and others waiting the required number

of ratiﬁcation’s to come into force. In the group of those conventions which Bahrain
ratiﬁed since it became an IMO member in 1976 are:

0 International Convention for the Prevention of Pollution of the Sea by
Oil, 1954, as Amended in 1962, 1969 and 1971. (OILPOL 54).
The convention was adopted on May 12, 1954, and came into force on July
26, 1956. Bahrain ratiﬁed it on June 17, 1985 and it came into effect on

January 21, 1986.

0 International Convention on Civil Liability for OilaPollution Damage,
1969, as Amended in 1976, 1984 and 1992. (CLC 1969)
This convention was adopted on November 29, 1969, and came into force
on June 19, 1975. Bahrain accede to it on May 3, 1996, and it came into

effect on August 1, 1996. The protocol of 92, will come into effect on
May 3, 1997.

0 International Convention on the Establishment of an International
Fund for Compensation for Oil Pollution Damage, 1971, as Amended
in 1976, 1984 and 1992, (FUND 71)
This convention was adopted in December 18, 1971, and came into force
on October 16, 1978. Bahrain acceded to it on May 3, 1996 and it came

into effect on August 1, 1996. The protocol of 92, will come into effect on
May 3, 1997.
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6-7 R:2i9naLCnnD.:zatinn
The eight countries of the region agreed to establish the Regional Organization for

the Protection of the Marine Environment (ROPME).

The Kuwait Regional

Convention and the Protocol on Combating Pollution by Oil, and Other Harmﬁrl

Substances in Cases of Emergency that emerged, identiﬁed the basic elements of the
strategy towards assessment of the marine environment. These instruments control
and prevent of environmental pollution and develop legal and administrative
measures for the rational exploitation and management of natural resources. Several
protocols have been adopted by the organization to facilitate coordination between
member states to implement the regional programs and activities.

Accordingly

Bahrain has signed the following protocols:

0

Kuwait Regional convention for the cooperation on the protection of
marine environment from pollution. Signed in Kuwait on April 23, 1978
and ratified on April 1, 1979

0

Protocol concerning regional cooperation in combating pollution by oil and

other harmful substances in case of emergency. Signed in Kuwait April
23, 1978 and ratiﬁed on April 1,1979.

0 Protocol for the protection of the marine enviromnent against pollution
from land based sources. Signed in Kuwait on February 21, 1989 and

ratiﬁed on May 16,1990.

0 Protocol concerning marine pollution resulting from exploration and
exploitation of the continental shelf. Signed in Kuwait on March 29, 1989
and ratiﬁed on May 16, 1990.
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6.8
m
In the process of tackling environmental problems, environmental laws and

legislation have been accepted worldwide as one of the most effective methods of
environmental management. Thus, any attempt to address the problem of marine
pollution should involve the application of law in one form or another. Pollution

control measures must as of necessity have some legal basis or they will face the

consequence of being rendered null and void because of their unconstitutional nature,
or if they are contrary to international practice, affecting the sovereign rights of other
states.

With regard to Bahrain, there is no legislation that specifically deals with the
environment and ways and means to control pollution (EPC 1992). There are no air

or water quality national standards and there are no air emission or water efﬂuent
national standards. There are a few laws that protect some of Bahrain’s natural

resources from being depleted but these are not strongly enforced.

The most comprehensive environmental legislation in Bahrain is-the Public Health

Act of 1975. This entrusts the Ministry of Health to protect public health through
controls on sewage, water resources, sanitation, waste, and industrial pollution. The

Act also embodies articles 63, 64, 65 of Section nine dealing with discharge of oil

into Bahrain ports and territorial water.

Arﬁcle 63 clearly prohibits polluting Bahrain territorial water including port

areas, from discharges or leaks of oil or mixtures containing oil
from vessels, or from any place on land or any apparatus used for

storing or transferring oil from or to any vessel. It also mentions

the person to be held liable for pollution.

lll

Article 64, prohibits any person, physically or morally, ﬁom dumping in the
ports sea area and territorial waters the following; grease, mud,

sewage, industrial waste or any material which might pollute the

water or beaches or might effect navigation or is unsuitable for

the marine industry or endangers the marine environment or

human health.

Article 65 deals with the dumping of solid and liquid waste on land

Article 70 imposes ﬁnancial penalties on the polluter. The penalties rise up
to 50,000 Bahraini Dinnars equal to around 13,300 US Dollars. It

also fumishes the requirements for restoring the area polluted.

In addition, the Bahrain Port Ordinance, 1966, which entered into force in February

1966, has limited regulations relating to oil pollution in port areas.

Part XII, section 76, deals with oil pollution at Sitra oil terminal. It states that;

No water ballast shall be discharged within the port of Sitra which is
not entirely free from oil or other harmful contaminants. If any of the

vessel's tanks, pipelines and other equipment used for the discharge of
ballast has to be thoroughly washed clean before entering the port of
Siua, the vessel shall, at the request of the Port Captain Sitra, and
before discharging ballast, ﬁrst proceed to sea and ensure that only

clean ballast will be discharged within the Port of Sitra.

Precaution measures are viewed in section 77 which mentioned that;

The Scuppers of every vessel loading or discharging petroleum or

petroleum products within the Port of Sitra shall be effectively
plugged and no leakage or spillage on board shall be swept or allowed
to leak overboard.

Bahrain Port Rules 1966 state in section 63 that;

No oil, spirit, inﬂammable liquid, or contaminated ballast shall be
pumped or discharged from any ship or tank into the sea within the

port limits.

Bahrain being a ﬂag , coastal and port State, has a genuine concern about the threat

of oil pollution from marine transportation in the region. But this concern for oil

pollution from ships is not really matched by appropriate preventive and remedial
legislation and enforcement. One of the basic maritime problems in Bahrain is the
existence of out-dated maritime legislation, or the lack of it.

Bahrain marine

pollution legislation is of a preventive nature and is neither comprehensive nor
sufﬁcient to serve the development of the international and national maritime
industry. This deﬁciency therefore needs to be addressed and rectiﬁed.

The author recommends that maritime legislation for the protection of the marine
enviromnent should be included in Bahrain’s Maritime Code. This legislation should

be of a type that can be readily amended and expanded to ﬁilly address the
developing and changing situations. It should also be in conformity with
international laws and conventions. Appendix I, is an extract from Professor

Vanchiswar’s handout, entitled Establishment/Administration of Maritime Affair

with Particular Reference to Developing Counties, which provides a legislative
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model for protecting the marine environment. This could fonn the basis for future

discussions appropriate to the specific needs of the marine environment in Bahrain.

6.1 Intmnusztinn
As long as fossil fuel continues to be a cheap and reliable source of energy, the oil

trade by sea and consequently, tanker operations, offshore ‘production and oil

terminals will remain as an integral pan of the oil industry. Consequently, the risk of
oil pollution from this activity will continue to exist as one of the major contributors

of oil into the marine environment for the coming future.

Various works and literature have established the fact that oil spills, which are

common occurrences in Bahrain, create havoc in the marine environment, including

areas of concem such as vegetation, marine life, fish, seabirds, sea mammals, coastal
amenities and life itself. Whereas some types of spills carmot be avoided, such as

natural seepages and oil pollution resulting from war activities, other sources such as

operational discharges from marine transportation and industrial pollution, can be
avoided.

Probably one of the most widely publicized forms of marine pollution is the oil spill.
In the Arabian Gulf oil pollution is almost an enviromnental way-of-life, an expected
hazard with the vast quantities of oil and petroleurn-based products moving around
within a semi-closed small restricted sea area.
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Looking at the geographical position of Bahrain, which is surrounded by a vast
number of offshore oil production units and very close to the major oil tanker routes,
one is presented with a situation with great potential for catastrophic and regular oil
pollution. This is the reality that Bahrain faces. Examining historical data on Bahrain

shows there have been a record number of large oil pollution incidents affecting the
coast, mostly arising from transboundary oil pollution. Oil pollution from industrial

activities and marine transportation is also considered to be of a high magnitude in
Bahrain. Fortunately, Bahrain has been saved from catastrophic oil pollution

incidents like the Exxon Valdez incident in Alaska or the Gulf war pollution.
However, no one can confidently and safely assert that an oil spill incident cannot
occur on our coast in the‘future. If this happens, is the country prepared to deal with

such an incident? And, what would be the effect of such pollution on Bahrain?

The preceding chapters have brieﬂy reviewed the sources of oil pollution along our
coast: the effect of oil and oil products when they are released on the marine
environment, the national arrangements and resources to deal with oil spills and the

national and international laws adopted to prevent oil pollution.

The main sources of factual information used in this dissertation are data published
in open scientiﬁc literature, data available in various reports published in magazines

and periodicals and data generated through a number of research and monitoring
programmes sponsored by the EPC, ROPME, UNDP and other organizations. Due to
the lack of up-to—datedinformation available, some old literature has been used.

In addressing some of the deﬁciencies as seen by the author, the following
conclusions are offered which are supported by the preceding chapters of this
dissertation. As appropriate, conclusions are accompanied with a recommendation

speciﬁcally addressing the particular deﬁciency.

6.2
mm
l. The ﬁrst conclusion drawn aﬁer two years of study and research at World
Maritime University is that oil pollution is an international problem and has

to be dealt with internationally but not in isolation. The characteristics of
the Gulf region, a small sea area and almost land locked, make the problem

more of a regional one. It has been recognized by the Gulf States that oil
pollution does not respect maritime boimdaries. Any oil pollution caused
by one country could effect all Gulf States. Therefore, they should have a

regional common policy approach to harmonize and implement the

international conventions relating to pollution prevention and the protection

of the marine environment, as regional, transnational problems require
regional solutions. In this respect, The Regional Organization for Protecting
the Marine Enviromnent (ROPME) should play a_ stronger role in

convincing Gulf States to support a single regional policy.

. Due to the tanker trafﬁc along the Arabian Gulf and due to the offshore oil

exploration and exploitation along the coast of Bahrain, the marine
enviromnent is threatened from operational and accidental pollution. Any

major marine oil spill in the region north of Bahrain would very likely

result in contamination of the shores of Bahrain, and other essential
activities could be seriously damaged.

. As a ﬁrst step towards protecting Bahrain waters ﬁ’om the risk of oil

pollution from ships, it would be advisable for the governments of Bahrain
and the region to ratify and energetically implement the International
Convention for the Prevention of Pollution from Ships, MARPOL 73/78.

117

Bahrain should set a time frame, in cooperation with the Gulf States, for the

ratiﬁcation the Convention which would entail a preparatory stage where
the study of all technical, legal and economic impacts and implications on

Bahrain would be analyzed by a committee consisting of all interested
parties.

. The increase in maritime transport volume in Ba.hrain and the range of oil

production and other maritime activities in the region need an effective,

efﬁcient and organized navigational system to avoid ship accidents
resulting from collisions, grounding, stranding etc. Bahrain should upgrade
the VTMS to meet new developments

and to overcome the previous

deﬁciencies in the system. Training of the VTMS operators to be more
competent to carry out the deﬁned ﬁmctions of the VTMS is indispensable.
The author see that VTS covering the whole Gulf area is possible and

recommended. This system in addition of preventing operational and
accidental oil pollution. It would also be useful in search and rescue and

salvage situations and would enhance vessel safety in the region.

. Experience shows, (Exxon Valdez and Torrey Canyon etc.), that even

developed counuies which are very advanced in combating oil pollution are

not capable of protecting their coasts from a major oil pollution incidents.

The limited resources of Bahrain make it difﬁcult to ﬁnance the required
technology and purchase of equipment to combat a major oil spill due to

the high cost and maintenance of equipment. The problem becomes more

complicated through the lack of trained personnel. Until this problem is
solved, the author believes that Bahrain should diversify its limited

resources and efforts to protect the marine enviromnent through prevention
measures. This can be done through legislation, policy-making and
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monitoring along with stringent punishment of the polluter. However, the
attention for response and combat should not be reduced nor neglected.
Bahrain should therefore, have very close relations with national, regional

and international organizations and other developed countries in the matter

of combating oil pollution. Also to diminish the impacts of oil spills, the
author recommends that Bahrain should ratify the International Convention
on Oil Pollution Preparedness, Response and Cooperation, 1990, (OPREC).

. In order for Bahrain to draw up the necessary legislation with respect to

safety and marine pollution and to ensure its effective implementation, it is

necessary to have a good understanding of the different requirements
contained in the international instruments. Therefore, more participation in

the various sessions of the sub-committees, committees and conferences of
IMO is necessary.

. The recent development of a Bahrain oil spill contingency plan is
considered as step forwards toward protecting the marine environment. The

plan is

comprehensive, covering all the basic needs for Bahrain and

employing the limited resources available. Nevertheless, the success of an

oil response depends on the organization, coordination and mobilization of
the resources. All these require some know-how in the ﬁeld. Unforttmately,

Bahrain suffers from the lack of sufﬁciently trained personnel to activate
the plan and to carry out other related tasks. Accordingly, assistance for

gaining knowledge should be sought at bi-lateral and multi-lateral levels.

Training personnel to handle the responsibilities involved in oil spill
response, containment and cleanup is essential. Likewise, regular exercises

should be held to test and train the organization at all levels. Since

accidental spills can easily cross national boundaries the national

contingency plan should be operative within the ﬁamework of a regional
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action plan. It needs to incorporate realistic worst cases and to include

adequate equipment and personnel to handle them.

8. The illegal discharge continues to be a big problem that Bahrain and the

region face. The government should develop and set immediate action

plans for monitoring and policing of Bahrain waters against pollution and
other illegal activities that may lead to marine pollution. With adequate
education in this respect, the Bahrain Navy and the Coast Guard could play

the main role.

9. There is evidence that shore-based industries contribute to no small extent

to marine pollution. The control of effluents discharged from industries is

vital to the Bahrain marine environment. This requires the acceptance of
international standards for discharge levels along with regular monitoring
to achieve these standards. The foremost need at the present time is the

government approval of legislation which will allow government bodies to
have some legal control over industry insofar as preventing or limiting the

destruction of the marine enviromnent. The Environmental Protection
Committee (EPC) should discourage the practice of dumping waste ﬁ'om
shore-based industries by enforcing the environmental protection laws,

regulations and punishments.

10. Finally, the author believes that the need for public education at all levels

regarding pollution is essential. A society which is aware of the hazards of
a deteriorating environment will be more cooperative in environmental

matters. It should be widely appreciated that pollution control problems
cannot be considered in isolation, but there should be cooperation at all
levels to ensure success.
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The threat of oil pollution is not likely to disappear in the foreseeable future. The

author feels that prevention of oil spills is the best logical method of reducing the
problem of oil pollution. At the national level in particular, the concerted application
of measures to prevent, control and reduce oil pollution from ships and industry is

essential. Cooperation and education in the matters of marine pollution should have
ﬁrst priority in the enviromnental future planning of the region.

This dissertation has not treated the problem of oil pollution in all respects. An

attempt has been made to identify some of the factors contributing to its occurrence,
and to illustrate the consequences that it can give rise to. The recommendations given

are just some of the solutions that can be provided to mitigate the problem. The

author hopes that govemments, national and international. organizations, can

contribute with further to these far more solutions to ensure the continued health of

the sea and the maintenance of its resources.
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Benthic

Relating to, or occurring at the bottom of a body of water

Biology

The life processes of an organism or group of organism A science
that deals with living beings and life processes

Biomass

The amount of living matter (as in a unit area of a natural habitat
or in a unit volume of a liquid culture)

Crevices

The narrow opening in the Earth crust

Erythema

Abnormal redness of the skin due to capillary congestion ( as in
inﬂarrunation)

Hydrography

The description and study of bodies of water

Mantle

The portion of the earth lying between the crust and the core

Organism

An individual live plant or animal

Oxidation

The process or result of oxidizing

Photochemical

Relating to, or resulting from the chemical action of light

Phytoplankton

Microscopic algae which ﬂoat free in mid-water, and live in the
surface layers of the open ocean they are the most important in
forms of plant life in the ocean.

Photosynthesis

The process by which plants use energy from sunlight to combine
carbondioxide and water to produce carbohydrates

Plankton

The small and microscopic organisms drifting or ﬂoating in the
sea or fresh water.

Species

A group of living organisms consisting of related similar
individual capable of exchange genes or interbreeding.

Substrate

The surface or material on which any particular organisms grow
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335 Government ships

336 Prosecution and penalties

320. Commencement and Application
(l) The provision of this part shall take effect ﬁ'om such date as the C’)

Government may, by notiﬁcation in the official Gazette, appoint for different

provisions in respect of tankers and ships other than tankers.

(2) They shall apply to and in relation to 

(a) tankers of one hundred and ﬁﬁy tons gross or more; and

(b) other ships of four hundred tons gross or more.

321. Definitions

In this part, unless the context otherwise requires,
8) “Convention” means the International Convention for the Prevention

of Pollution from ships, 1973 along with Protocol of 1978 relating to
said convention, and as amended from time to time;

b) “discharge”, in relation to oil or oily mixture, means any discharge or
escape howsoever caused;
C)

“mile" means a nautical mile of 1,852 meters;

d

“oil” means petroleum in any form including crude oil, fuel oil, sludge,

%

oil refuse and reﬁned products, as deﬁned in the convention;
C%

“oil fuel” means any oil used as fuel in connection with the propulsion

and auxiliary machinery of the ship;
“oily mixture” means a mixture with any oil content;
8

&/

“oil reception facilities”, in relation to a port, means facilities for

enabling vessels using the port to discharge or deposit oil residues;

h

&/

“combination carrier” means a ship designed to carry either oil or solid
cargoes in bulk;

“special area" means a sea area where for recognized technical reasons
in relation to its oceanographical and ecological condition and to

particular character of its traffic the adoption of special mandatory
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methods for the prevention of sea pollution by oil is required, as listed
in the Convention;

j) “length" (L) means 96 per cent of the total length on a waterline at 85

per cent of the least moulded depth measured from the top of the keel,
or the length from the foreside of the stem to the axis of the rudder
stock on that waterline, if that be greater. In ships designed with a rake
of Keel the waterline. The length (L) shall be measured in meters;

k) “forward and after perpendiculars" shall be taken at the forward and

aﬁer ends of the length (L). The forward perpendicular shall coincide
with the foreside of the stem on the waterline on which the length is

measured;
1) “amidships" is at the middle of the length (L);

m) “breadth” (B) means the maximum breadth of the ship, measured
arnidships to the moulded line of the frame in a ship with a metal shell

and to outer surface of the hull in a ship with a shell f any other
material. The breadth (B) shall be measured in meters;

n) “deadweight” (DW) means the difference in metric tons between the

displacement of a ship in water of a speciﬁc gravity of 1.025 at the
load waterline corresponding to the assigned summer freeboard and the

lightweight of the ship;
0) “lightweight" means the displacement of a ship in metric tons without
cargo, fuel, lubrication oil, ballast water, fresh and feed water in tanks,

consumable stores, and passengers and crew and their effects;

p) “crude oil” means any liquid hydrocarbon mixture occurring naturally

in the earth whether or not treated to render it suitable for
transportation and includes:

a/ crude oil ﬁ'om which certain distillate

ﬁ'actions may have been

removed; and b/ crude oil from which

certain distillate ﬁactions may have been added;
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q) “crude oil tanker" means an oil tanker engaged in the trade of carrying

crude oil;

r) "product carrier" means an oil tanker engaged in the trade of carrying
oil other than crude oil.

322 Control of Discharge of Oil
(1) Subject to the provisions of section 323 and sub/section (2) any discharge

into the sea of oil or oily mixtures from ships to which this part applies shall be

prohibited except when all the following conditions are satisﬁed:
(a) for an oil tanker, except as provided for in sub-paragraph (b) of this
paragraph:
I. the tanker is not within a special area;

II. the tanker is more than 50 nautical miles from the nearest land;

III. the tanker is proceeding on route;

IV. the instantaneous rate of discharge of oil content does not exceed
60 liters per nautical mile;
V. the total quantity of oil discharged into the sea does not exceed

for existing tankers 1/15,000 of the total quantity of the particular
cargo of which the residue formed a part; and
VI. the tanker has in operation, except as provided for in regulation
15 (5) and (6) of the armex to the Convention, an oil discharge

monitoring and control system and a slop tank arrangement as

required by Regulation 15 of the annex to the Convention;

(b) from a ship of 400 tons gross tonnage and above other than an oil

tanker and from machinery space bilges of an oil tanker unless mixed with
oil cargo residue:
I. the ship is not within a special area;
II. the sip is more than 12 nautical miles from the nearest land;

III. the ship is proceeding in route;
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IV. the oil content of the effluent is less than 100 parts per

million; and
V. the ship has in operation an oil discharge monitoring and

control system, oil-water separating equipment, oil ﬁltering

system or other installation as required by regulation 16 of the
Annex to the Convention

(2) The provision of sub-section (1) shall not apply to the discharge of clean or
segregated ballast. The provisions of sub-paragraph (1) (b) shall not apply to

the discharge of oily mixture which without dilution has an oil content not
exceeding 15 parts per million.

323. Prohibition not to Apply in Certain Cases
Nothing in section 322 shall apply to 

a) the discharge of oil or oily mixture from a ship for the purpose of
securing the safety of a ship or saving life at sea;
b € the escape of oil or of oily mixture resulting from a damage to a ship or

unavoidable leakage, if all reasonable precautions have been taken

after the occurrence of the damage or discovery of the leakage for the

ptupose of prevention or minimizing the escape;
C%

for the purpose of prevention or reducing discharges of oil and oily
mixtures into the sea, the ("') Government may make rules requiring ("')

ships to be ﬁtted with such equipment and to comply with such other

requirements (including requirement for preventing the escape of fuel
oil or heavy diesel oil into bilges as may be prescribed.

324. Report by Master of Ship
(1) If any oil or mixture containing oil
a) is discharged from a vessel into the water of a harbour in the (*); or
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b) is found to be escaping or to have escaped from a vessel into any such

waters; or
c) is found to be escaping or to have escaped into any such waters from a
place on land;

The owner or master of the vessel, or the occupier of the place on land, as the
case may be, shall forthwith report the occurrence to the harbour master, or , if

the harbour has no harbour master, to the harbour or port authority.

(2) A report make under subsection (1) of this section by the owner or master
of a vessel shall state whether the occurrence falls within paragraph (a) or

paragraph (b) of that subsection

(3) If a person fails to make a report as required by this'section he shall be
liable on summary conviction to a ﬁne not exceeding .......

325. Power to Make Rules/Regulations
(1) the (“') government may, having regard to the provisions of the Convention,

make rules regulation carry out the purposes of this part.

(2) In particular and without prejudice to the generality of the provisions of
sub-section
(1), such rules/regulations may
a) prescribe the form and manner in which the oil record book shall be

maintained, the nature of the entries to be make therein, the time and
circumstances in which such entries shall be make, the custody and

disposal thereof and all other matters relating thereto; and
b) prescribe the manner in which investigation may be made by the C’)

Government for the purpose sub-section (3) of section 328.
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326; Oil Record Book
(1) Every (") tanker and every other ("') ship which uses oil as fuel shall

maintain on board the tanker or such other ship an oil record book.

(2) The form and manner in which the oil record book shall be maintained, the
nature of the entries to be make therein, the time and circumstances in which

such entries shall be made, the custody and disposal thereof and all other
matters relating thereto shall be such as may be prescribed having regard to the

provision of the Convention

327 Inspection and Control of Ships to which the Convention Applies
(l) A surveyor or any person appointed in this behalf may, at any reasonable
time, go on board a ship to which any of the provisions of this part apply, for

the purposes
a) ensuring that the prohibitions, restrictions and obligations imposed by

or under this part are complied with;

b) satisfying himself about the adequacy of the measures taken to prevent
the escape of oil or oily mixture ﬁ'om the ship;

c) ascertaining the circumstances relating to an alleged discharge of oil or

oily mixture from the ship in contravention of the provisions of this
part; and

d) inspecting the oil record book.

328 Power of Surveyor / Inspector
(1) The surveyor or any such person may, if necessary, make, without unduly
delaying the ship, a Hue copy of any entry in the oil record book of the ship and

may require the master of the ship to certify the copy to be a true copy and such
copy shall be admissible as evidence of the facts stated therein.
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(2) If, on report from a surveyor or other person authorized to inspect a vessel

under section 327, the Government is satisﬁed that any provision of the
Convention has been contravened anywhere by a foreign ship being a ship to

which the provisions of the Convention apply, it shall uansrnit particular of the
alleged contravention to the Government of the country to which the ship
belongs.

(3) On receipt of information from the Government of any country which has

ratiﬁed the Convention that a/an ship has contravened any provision of the
Convention, the C‘) Government shall investigate the matter and if satisﬁed

that any provision of this part or any rule/regulation make thereunder has been
contravened, take appropriate action against the owner or master and intimate

such Government of the action so taken.

329 Oil Reception Facilities
(1) Notwithstanding any contained in any other law for the time being in force,
in respect of every port in ("') the powers of the port authority shall include the

power to provide oil reception facilities.

(2) A port authority providing oil reception facilities or a person providing such
facilities by arrangement with the port authority, may make charges for the use

of the facilities at such rates and may impose such conditions in respect of the
use thereof as may be approved, by modiﬁcation in the Ofﬁcial Gazette, by the
C’) Government in respect of the port.

(3) Where the (*) Government is satisﬁed that there are no oil reception
facilities at any port in (*) or that facilities available at such port are not

adequate for enabling ships calling at such port to comply with the

requirements of the Convention, the (*) Government may, after consultation
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with the port authority in charge of such port, direct by order in writing such

authority to provide or arrange for the provision of such oil reception facilities
as may be speciﬁed in the order.

(4) The ("') Government may, by notiﬁcation in the Ofﬁcial Gazette, specify
the ports in ("') having oil reception facilities in accordance with the

requirements of the Convention.
Explanation; for the purpose of this section, “port authority” means,
in relation to any major port to which the provisions of the ..........Act, .......,

apply, the (Board of Trustees) constituted in respect of that port, under that
Act;

in relation to any other port, the Conservator of the port, within the
meaning of section.................... of the ........................ ..

330 Pollution Related to Shipping Casualties
(1) The powers conferred by this section shall be exercisable where
a) an accident has occurred to or in a ship; and

b) in the opinion of the Government oil from the ship will or may cause
pollution on a large scale in the (*), or in the waters in or adjacent to
the ("') up to the seaward limits of territorial waters; and

c) in the opinion of the Government the use of the powers conferred by
this section is urgently needed.
d)

(2) For the purpose of prevention 0 reducing oil pollution, or the risk of oil
pollution, the government may give directions as respects the ship or its cargo

a) to the owner of the ship, or to any person in possession of the ship; or

b) to the master of the ship; or
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c) to any salvor in possession of the ship or to any person who is the

servant or agent of any salvor in possession of the ship, and who is in

charge of the salvage operation.
(3) Directions under subsection (2) of this section may require the person to

whom they are given to take, or reﬁain ﬁom taking, any action of any kind
whatsoever, and without prejudice to the generality of the preceding provisions

of this subsection the directions may require
a) that the ship is to be, or is not to be, moved, or is to be moved to a

speciﬁed place, or is to be removed from a speciﬁed area or locality; or
b \{ that the ship is not to be moved to a specified place or area, or over a

speciﬁed route; or
C%

that any oil or other cargo is to be, or is not to be, unloaded or

discharged,
d \J that speciﬁed salvage measures are to be, or are not to be, taken.

(4) if in the opinion of the Government the powers conferred by subsection (2)
of this section are, or have proved to be, inadequate for the purpose, the

government may, for the purpose of prevention or reducing oil pollution, or the
risk of oil pollution, take, as respects the ship or its cargo, any action of any

kind whatsoever, and without prejudice to the generality of the preceding

provisions of this subsection the Government may
a) take any such action as it has power to require to be taken by a

direction under this section;

b) undertake operations for the sinking or destruction of the ship, or any

part of it, of a kind which is not within the means of any person to
whom he can give directions;

c) undertake operations which involve the taking over of control of the
ship.
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(5) The powers of the government under sub-section (4) of this section shall
also be exercisable by such persons as may be authorised in that behalf by the
Government.

(6) Every person concerned with compliance with directions given, or with
action taken, under this section shall use his best endeavours to avoid any risk
to human life.

(7) The provisions of this section of this Act are without prejudice to any rights
or powers of C’) Government in the (*), exercisable apart ﬁ'om this section

whether under intemational law or otherwise.

(8) It is hereby declared that any action taken a respects a ship which is under

arrest or as respects the cargo of such a ship, being action duly taken in

pursuance of a direction given under this section, or being any action taken

under sub-section (4) or (5) of this section
a) does not constitute contempt of court; and
b) does not in any circumstances make the admiralty Marshal liable in
any civil proceedings.

(9) In this section, unless the context otherwise requires

a) “accident” includes the loss, stranding, abandonment of or damage to a
ship;

b) “speciﬁed”, in relation to a direction under this section, means

speciﬁed by the direction;
and the reference in sub-section (8) of this section to the Admiralty Marshal includes

a reference to any ofﬁcial of the court carrying out such ﬁmctions.
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331‘. Right to Recover In Respect of Unreasonable Loss or Damage
(1) If any action duly taken by a person in pursuance of a direction given to
him under section 330 of this Act, or any action taken under subsection (4) or

(5) of that section
a) was mpt reasonably necessary to prevent or reduce oil pollution, or risk

of oil pollution; or
b) was such that the good it did or was likely to do was disproportionately

less than the expense incurred, or damage suffered, as a result of the

action
a person incurring expense or suffering damage as a result of, or by himself
taking, the action shall be entitled to recover compensation from the
Government.

(2) In considering whether subsection (1) of this section applies, account shall

be taken of
a) the extent and risk of oil pollution if the action had not been taken;
b) the likelihood of the action being effective; and
c) the extent of the damage which has been caused by the action.

(3) any reference in this section to the taking of any action includes a reference

to a compliance with a direction not to take some speciﬁed action.

(4) the Admiralty jurisdiction of the High Court shall include jurisdiction to
hear and determine any claim arising under this section.
332. Offences in Relation to Section 331

(1) If the person to whom a direction is duly given under section 330 of this
Act contravences, or fails to comply with, any requirement of the direction, he

shall be guilty of an offence.
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(2) If a person willfully obstructs any person who is

a) acting on behalf of the Government in connection with the giving or

service of a direction under section 330 of this Act;
b) acting in compliance with a direction under that section; or

c) acting under subsection (4) or (5) of that section;
he shall be guilty of an offence.

(3) In proceedings for an offence under sub-section (1) of this section, it shall
be a defence for the accused to prove that he has used all due diligence to

ensure compliance with the direction, or that he had reasonable cause for

believing that compliance with the direction would have involved a serious risk
to human life.

(4) A person guilty of an offence under this section shall be liable on summary
conviction to a ﬁne not exceeding ..........., or on conviction on indictment to a
ﬁne.

334. Service of Directions under Section 330

(1) If the Government is satisﬁed that a company or other body is not one to
whom section....... or section......... of the companies Act .......... (service of

notices) applies so as to authorise the service of a direction on that body under

either of those sections, he may give a direction under section 330 of this Act

a) to that body, as the owner of, or the person in possessionof, a ship, by

serving the direction on the master of the ship; or
b) to that body, as a salvor, by serving the direction on the person in

charge of the salvage operations.
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(2) for the purpose of giving or serving a direction under section 330 of this
Act to or on any person on a ship, a person acting on behalf of the Government
shall have the right to go on board the ship.

334. Application of Sections 330 to 333 to Certain Foreign and other Ships

(1) The govermnent may be notiﬁcation provide that sections 330 333 of this
Act, together with any other provisions of this Act, shall apply to a ship
a) which is not a ship registered in the ("'); and

b) which is for the time being outside the territorial waters of the ("');

in such cases and circumstances as may be speciﬁed in the notiﬁcation, and

subject to such exceptions, adaptations and modiﬁcations, if any, as maybe so
speciﬁed.

(2) A notiﬁcation under sub-section (1) of this section may contain such
transitional and other consequential previsions as appear to the Government to
be expedient.

(3) Except as provided by the notiﬁcation under subsection (1) of this section,
no direction under section 330 of this Act shall apply to a ship which is not
registered in the C’) and which is for the time being outside the territorial

waters of C’), and no action shall be taken under sub-section (4) or (5) of

section 330 of this Act as respects any such ship.

(4) No direction under section 330 of this Act shall apply to any vessel of (")
nay or to any Government ship (within the meaning of section 367) and no
action shall be taken under subsection (4) or (S) of that section as respects any
such vessel or ship.
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335. Government Ships
(1) the provisions of this part do not apply to vessels of ("') navy, nor to

Government ships in the service of the government while employed for the
purposes of C’) navy.

(2) Subject to subsection (1) of this section and subsection (4) of section 334 of
this Act

a) Provisions of this part which are expressed to apply only to ships
registered in the ("') apply to Government ships so registered and also

to Government ships not so registered but held for purposes of ("')
Government in the ("').

b) previsions of this part which are expressed to apply to vessels generally
apply to Government ships.
(3) In this section “Government ships” has the same meaning as in section 367 of this
Act.

336. Prosecution and Penalties
(l) proceedings for an offence under this part may, in ("') be brought only

a) by or with the consent of the Government, or
b) if the offence is one to which sub-section (2) of this section applies, by
the port authority.

(2) This subsection applies to the following offences

a) any offence under this part which is alleged to have been committed by

the discharge of oil, or a mixture containing oil, into the waters of a
port or harbour in the (*);
b) any offence under the port/harbour rules/regulation/bye-laws.
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(3) The preceding provision of this section shall apply in relation to any part of
a dockyard port, that is to say 

a) if that part is comprised in a port or harbour in the (") the reference to
the port or harbour authority shall be construed as including a reference
to the ("') harbour master for the port;

b) if that part is not comprised in a port or harbour in the (‘) the reference
to such a port or harbour shall be construed as references to such a

dockyard port and the reference to the port or harbour authority as a
reference to the ("') harbour master for the port.

(4) Where, immediately before the date on which (apart from this subsection)

the time for bringing summary proceedings for an offence under this part,
would expire, the person to be charge is outside the ("'), the time for bringing

the proceedings shall be extended until the end of the period of two months
beginning with the date on which he next enters (*).

(5) Proceedings for any offence under this part may (without prejudice to any

jurisdiction exercisable apart from this sub-section) be taken against a person at
any place at which he is for the time being.

II
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